SEWAGE WORKS 
JOURNAL 


VOLUME IX 
JAN.-DEC. 
1937 


Editor: 
F. W. MouitMan 


Business Manager: 
Wm. W. Burrum 


Published by 


Federation of Sewage Works Associations 














Sewage Works Journal 


Published by 
Federation of Sewage Works Associations 
Lancaster, Pa. 


Copyright, 1937, by Federation of 
Sewage Works Associations 





Vol. IX January, 1937 





Sewage Research: 
Observations on the Digestion of a Sewage Sludge Over a Wide Range of Tempera 
ture. By Gorpon M. Farr anp Epwarp W. Moore 
The Elutriation of Digested Sludge. By C. E. KEEFER AND HERMAN KRATZ, JR. 
The Oxygen Demand of Mixtures of Activated Sludge and Sewage. By Epwarp W. 
Moore 


Chemical Sewage Coagulation. VI. Clarifying Value of Return Sludge. 


LEM RupoLrs AND H. W. GEHM 
Influence of Phosphorus and Nitrogen on Biochemical Oxygen Demand. 


LEA AND M. Starr NICHOLS 


Plant Operation: 
Mechanically Aerated 


Purification by Compressed Air and 
By G. M. RIDENOUR 


Comparison of Sewage 
III. Discussion of Results and Opinions. 


Activated Sludge. 
AND (, N. HENDERSON 


Trickling Filter Loadings. By G. ALBro HAui. Discussion by B. 


Operating Experiences with Chlorination of Activated Sludge. By 
C. N. HENDERSON AND H. B. ScHULHOFF 
Sewage Plant Construction with W.P.A. Labor. By M. W. Tariock 


The Geneva, New York, Sewage Treatment Plant. By E. A. MARSHALL 


Problems in Sewage Treatment at State Institutions. By CHARLES W. McBREEN. 
Discussion by Henry W. Ryon 


Improvements in Trickling Filters (Abstract). KARL IMHOFF 


Operators’ Reports and Suggestions: 


Gadget Contests. By W. D. HAtrieip 


New York State Sewage Works Association—Gadget Contest, Geneva, N. Y., October 


10, 1936. By Joun R. Wooprorp 
Central States Sewage Works Association—Gadget Contest, Indianapolis, Ind., Oc¢ 
tober 29, 1936. By GrorGe MARTIN 
More Excerpts from the Digester 
‘Sunrise Breakfast’’—Question Box 
Instructions for Operation of Imhoff Tanks 


Suggestions to Sewage Plant Operators 


Editorial: 
Activated Sludge in America and Abroad 





SEWAGE WORKS JOURNAL Jan., 1937 


Reviews and Abstracts: 


England’s Greatest Activated Sludge Plant, West Middlesex Main Drainage Scheme, 
UNE MN PEM Ao hae ora lok Sethe aia Wha Sly eet isla a lay ee WiSIS Scie ssa Sspstwre lw Bravos 111 


Textile Waste Treatment and Recovery. By J. C. GEYER AND W. A. PERRY ........ 118 
Industrial Wastes in New Jersey. By WILLEM RuDOLFS AND Lioyp R. SETTER .... 119 


Treatment of Diluted Sewage by Bio-Aeration in the Presence of Nitric and Nitrous 


Rien, ¢ 3. . Kerseaw AnD J. W. WINCH -o6 655. ois wecsa nese eaves 121 
Further Studies in the Treatment of Gasworks Liquors in Admixture with Sewage. 

SGN eA US 2 a 123 
Paver rem or OrmmiaOn. SSW A, ARERR 65s So se eo esc b dau ceieae 124 
Investigation of Sewage Disposal Problems. By J. BOLTON ...................... 124 
nee EE AMRIT MACSOPIRE DD IE Ce ay ci 5 ce I aileron ees ae ns ee. oy Bide MON 6 oh OOS 125 
ee Ea VS CP) a ee ec ae 125 
Pronucmon of Seruiuser from Bowage Cindge « ..... <2... sas ice coeds aseesees 125 
Interstate Sanitation Compact and its Implications. By C. A. HoL~MQuIST ........ 126 
SMa SEAL EPIRS POP NN DME MERUDEY 220 206s nso ss (5 5p oon) os 81s esis sl Saar ile esa hie os laes ore ew awa 127 


Sewage Treatment in New York City. By Water D. BINGER AND RicHArD H. Gounp 129 


eer MII ED MOTOR EPNS MOET PRUNINO 5502 sa c\o bisoie' p< o-oo b Bop Sie 44a 30 eolain O sea eae alee 130 














JOIN YOUR STATE OR LOCAL 
SEWAGE WORKS ASSOCIATION 


AFFILIATE WITH THE NATIONAL FEDERATION 
OF SEWAGE WORKS ASSOCIATIONS 


Members of the Federation receive 


THE SEWAGE WORKS JOURNAL 


for one dollar per year 


Non-members’ subscription fee $3.00 per 
year, which includes subscription at $2.00 
and service information fee of $1.00; 
Canada, $3.50; other countries, $4.00. 


Send Subscriptions to 
WM. W. BUFFUM, Business Manager 


654 Madison Ave. 
New York, N. Y. 









































————— 


etre nome 





Sewage Research 





OBSERVATIONS ON THE DIGESTION OF A SEWAGE 
SLUDGE OVER A WIDE RANGE OF 
TEMPERATURES 


By Gorpon M. Farr anp Enywarp W. Moore 


Gordon McKay Professor of Sanitary Engineering and Instructor in Sanitary Chemistry, 
Harvard Graduate School of Engineering, Cambridge, Mass. 


In a previous paper,* the authors have summarized existing infor- 
mation on the variation of time and rate of sludge digestion with tem- 
perature. In this connection they noted the lack of information on the 
behavior of a single sample of sludge in a wide range of temperatures. 
To supply this need, they have since then digested single samples of 
sludge at temperatures of 59, 68, 77, 86, 95, 104, 113, 122 and 140° F. 
It is the purpose of this paper to present the information obtained. 

Experiments and Results——Before a definitive, or master, experi- 
ment could be started it was necessary to produce sufficient quantities 
of well-digested sludge for seeding purposes, i.e., sludge digested at the 
temperatures to be employed in the master tests. This was accom- 
plished in a preparatory series of digestions. Since two small batches 
of sludge digested at 68° F. and 122° F. respectively were available, 
the fresh sludge employed in the preparatory series was seeded with 
sludge from these two batches. Samples digested below 100° F. could 
be seeded in a ratio of 1:9 on a volatile-matter basis with material pre- 
viously digested at 68° F’. and samples digested above 100° F.. on the 
same basis in a ratio of 1:21 with material previously digested at 122° 
. The fresh sludge was collected from the Imhoff tanks at Fitchburg, 
Mass., and contained 6.51 per cent of solids and 60.8 per cent of volatile 
matter on a dry basis. That the conditions of seeding were unsatis- 
factory, although the best available, is shown by the length of time 
required to digest the samples included in the preparatory series and 
by the lack of agreement between results (Table I). 


TABLE I.—Time Required to Digest Poorly-Seeded Sludge at Various Temperatures—Prepara- 
tory Series 


Temperature Time of Digestion 
pal Days 
I etc aere sc cocse nes tape ietslay chap crane eiata, Seale aer ere ore 282 
nc RES Segt ROOTLETS BLOM IOR ROR TENT 115 
{LEER O SO CROGR Ot P TOC etd OCS 44 
2 6) ROOT ESt CORIO IS OR RCROE NT Par Eee Carma 47 
ESS AARC AT OSE O TSEC TONE PORTO I aC 36 
UR eae aN tale: ove en gnus fovave yet w eternal sla/siece Giessen araeiere 38 
ERNbects ohebo Cs core ota stay orsiande fare ores srOlh, ove lae lala suaanarar ee 64 
1 ES BO Tae OO cae eae noe seem ae Te 99 
Le LEN OSI Oe OTOL Oak RE ee ICL ROO 80 


* This Journal, 6, 3 (1934). 
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The ‘‘time of digestion’’ recorded in Table I was determined, for 
reasons previously discussed by the authors,* as the number of days 
necessary to reach 90 per cent of the apparent ultimate gas production 
of the sludge digested at the lowest temperature, i.e.,59° F. This base 
value was 448 liters of gas per kilogram of fresh volatile matter. 

An attempt was made to include a temperature of 45° F. in the pre 
paratory series. Digestion at this temperature proceeded so slowly, 
however, that a reliable determination of digestion time had to be con 
sidered impossible. After digesting for almost three years, the sample 
appeared to be still producing ges at much the same slow rate as in the 
early part of the experiment. 

The sludge digested in the master series was also collected at Fitch 
burg. It contained 2.68 per cent of solids and 74.9 per cent of volatile 
matter on a dry basis. After thorough comminution, the fresh solids 
were added in ratios of 2.1: 1, on a volatile-matter basis, to the seeding 
residues obtained in the preparatory series and digested at the corre 
sponding temperatures. The results obtained are summarized in 


Table II. 


TABLE II.—Time Required to Digest Well-Seeded Sludge at Various Temperatures—Master 


Series 
Temperature Time of Digestion, Relative Times 

Zee Days (Time at 60° F. = Unity) 
Peri s 6s Bees > eth 67.8 1.04 

US SA SS oon sec 46.6 0.72 

Te lei ane fore ae ears 37.0 0.58 

Ge Biatatc ure ip acs caeataneisie'e 13.3 0.52 

BOM peecite cals oi ie . 23.7 0.36 

LU eee DA Sas xyes eee: 0.35 

ARR Orie Siok ane Waly. a a8) .. 14.4 0.22 

Pee associa csawetes Seses. Oe 0.14 

Jo a ee eer ee 503 0.20 


The ‘‘time of digestion’’ was determined as for the preparatory 
series; the basic yield (90 per cent) of gas at 59° F. being 477.5 liters 
per kilogram of fresh volatile matter. In ealeulating ‘‘ relative times,’’ 
a temperature of 60° I. was chosen as the reference temperature. 

The data presented in Table [I are plotted in the accompanying 
diagram. They vield curves similar in their essential features to those 
included in the authors’ earlier publication,* though somewhat dif- 
ferent in magnitudes. There is the same evident separation into two 
zones, mesophilic and thermophilic, each possessing its own optimum. 
The mesophilic optimum lies between 95 and 105° F., practically at 
blood heat. This is somewhat higher than indicated by previous tests. 
The minimum time required for mesophilic digestion is about one-third 
of the time at 60° F. The thermophilic optimum approaches 125 to 
130° F., which is somewhat lower than previously indicated. It has a 
value about one-eighth that at 60° F. or less than one-half that at the 


* Loc. cit. 
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yr mesophilic optimum. The time of digestion is given at about 22 days 
S for the mesophilic optimum and at about 8 days for the thermophilic 
N optimum. These values are about normal for the type of sludge di- 
e vested. 
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Summary and Conclusions.—The digestion of a single sludge, ade- 
quately seeded, has been observed over a wide range of temperatures. 
The results obtained show a distinet differentiation between thermo- 

philic and mesophilic digestion. Optimum temperatures of about 128 
and 98° F. are indicated for thermophilic and mesophilic digestion re- 
spectively. At these temperatures the time of digestion is reduced 
respectively to one-third and one-eighth the time required at 60° F. 
The importance of proper seeding is demonstrated. 








THE ELUTRIATION OF DIGESTED SLUDGE 


By C. E. Keerer anp Herman Kratz, Jr. 
Bureau of Sewers, Baltimore, Md. 


An extensive group of experiments has been conducted in the lab- 
oratory »*** and the field** at the Baltimore sewage works on the 
filtration of elutriated sludge. The elutriation process consists of mix- 
ing sludge and water, followed by sedimentation of the sludge. The 
sludge is then withdrawn from the settling tank, and is ready to be 
coagulated and filtered. The purpose of the process is to reduce the 
quantity of chemicals needed to floceulate the sludge before filtration. 
Digested sludge contains ammoniacal compounds, which react chemi- 
eally with ferric chloride and similar coagulants. By mixing sludge and 
water some of these compounds diffuse into the water, and their con- 
centration is reduced, the reduction being greater with increasing vol- 
umes of water. 

In all of the previous experiments at the Baltimore sewage works 
with the elutriation process, the fill-and-draw method of settling the 
sludge was used, which consisted of mixing the sludge and the water, 
followed by settling and withdrawing the sludge. Although this pro- 
cedure was satisfactory during the early experimental work, it was 
recognized that the flow of sludge and elutriating water through a sedi- 
mentation tank should preferably be continuous when working on a 
plant seale. Except for some laboratory tests made in 5-gal. bottles, 
little was known as to the most desirable sedimentation period and no 
data were available to indicate how well the sludge would settle in a 
continuous-flow tank and what the concentration of the solids in the 
sludge would be. In order to obtain information regarding some of 
these questions, a group of field tests was made using a small steel tank, 
provided with rotary sludge removal equipment for withdrawing the 
sludge continuously. The results of this work showed that there was 
little advantage in using a sedimentation period of 8 hr. as compared 
with 4 hr. In fact good results were obtained when settling for 2 hr. 
As has been previously indicated,’ there was a decided reduction of 
amino-ammonia nitrogen compounds when one volume of sludge was 
elutriated with two volumes of water. With increasing quantities of 
elutriating water there was a greater reduction in the concentration of 
these compounds, but not in proportion to the amount of water used. 


EQuIPpMENT Usep 


Sludge, which had been digested at approximately 85° F., was used 
throughout the experiment, and was elutriated with clean water. The 
water flowed through a meter into a mixing trough 21 by 4 in. in plan 
and 4 in. deep. At intervals of a few seconds a known quantity of 
sludge was poured into the inlet end of the trough. A porous tube, 
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through which air was blown, was provided in the bottom of the trough 
for mixing the sludge and the water. Tests indicated the desirability 
of agitating the sludge as little as possible to prevent dispersing col- 
loidal materials and producing a poor effluent. The mixture then 
flowed into the settling tank shown in Fig. 1. 





Fig. 1.—Mechanically cleaned tank for settling mixtures of sludge and water. 


This tank was of steel construction with a diameter of 6 ft. and a 
working depth of 4 ft. 4 in. The influent entered the tank near the 
periphery at the top. The effluent flowed over three circular-shaped 
weirs, each of which was 4 in. inside of the wall of the tank and 33 in. 
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long. These weirs were on the opposite side of the tank from the in 
fluent pipe. Along the vertical center line of the tank was a steel shaft, 
to the bottom of which was fastened a spiral-shaped scraper, 5 in. high. 
As the scraper rotated, the settled sludge was squeegeed to the center 
and removed through a 4-in. discharge pipe. The upper end of the ver- 
tical shaft was fitted with reduction gears, and was driven by an 
electric motor. The squeegee made one revolution in 2 minutes and 40 
seconds. 
RESULTS 

Considerable preliminary work was done in order to become 
familiar with the best routine to follow in conducting the tests. The 
experiment proper was begun July 16, 1936, and completed October 1, 
1936. The sludge was elutriated with 2, 4 and 8 volumes of water. 
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Amino- Ammonia Nitrogen In Elutriated Sludge, 


0) z 4 


G 
Ratio of Water To Sludge 


Fic. 2.—Reduction in amino-ammonia nitrogen when digested sludge is elutriated with various 
volumes of water. 


The flow to the settling tank was regulated so that the theoretical de- 
tention periods were 2,4 and 8 hr. As is to be expected in all settling 
tanks, the actual detention periods were undoubtedly less than the com- 
puted values. 
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Samples of the unelutriated sludge were obtained every 15 minutes. 
Samples of the settling tank effluent and of the elutriated sludge were 
collected every 10 minutes. Sampling, however, was not begun until 
a period had elapsed following the time when influent was admitted into 
the tank equal to the theoretical detention period in the tank. This 
procedure was followed in order to be reasonably sure that all of the 
liquor in the tank prior to beginning the tests would be displaced. 

\s indicated by the volatile matter in the unelutriated sludge (see 
Table I), all of the material was well digested. The amino-ammonia 
nitrogen varied from 500 to 760 p.p.m. As shown in Fig. 2, most of 
the amino-ammonia nitrogen was removed when the sludge was elu- 
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Settling Ported , Bberis 


Fig. 3.—B.0.D. and suspended solids in elutriate from digested sludge elutriated with various 
volumes of water. 


triated with 2 volumes of water. By using 4 and 8 volumes of water 
somewhat greater percentages were removed. 

The concentration of solids in the sludge before and after elutriation 
is of interest. Before elutriation the material contained an average of 
7.9 per cent of solids and after elutriation 8.6 per cent. This thicken- 
ing of the sludge was undoubtedly caused by the rotary movement of 
the sludge squeegee mechanism. 

The character of the effluents after settling for 2, 4 and 8 hr. is shown 
in Table I and Fig. 3. With one exception the effluent improved as 
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the sedimentation period was increased. Furthermore, increasing the 
amount of elutriating water gave an effluent with a lower biochemical 
oxygen demand. When four volumes of elutriating water were used 
to one of sludge, the 5-day B.O.D. values of the effluents were 200, 172 
and 168 p.p.m. after 2, 4 and 8 hr. sedimentation. The effluent con- 
tained 778 p.p.m. suspended solids after 2 hr. settling, 671 p.p.m. after 
4 hr. and 645 p.p.m. after 8 hr. It is interesting to note that the 5-day 
B.O.D. of all the effluents averaged 190 p.p.m., which is less than that 
of Baltimore raw sewage. The average of the suspended soilds in all 
effluents amounted to 670 p.p.m. 

During the previous sludge elutriation studies in Baltimore * the 
mixture of elutriating water and sludge was settled from 17 to 48 hr. 
by the fill-and-draw method. The elutriate from a mixture of two 
volumes of water with one of digested sludge contained an average of 
213 p.p.m. 5-day B.O.D. and 332 p.p.m. suspended solids. These figures 
indicate that an increase in the strength of the effluent may be ex- 
pected when the continuous-flow method of sedimentation is used. In 
the light of the work that has been done to date on the elutriation proce- 
ess it has been decided to design the elutriation tanks at Baltimore 
with a detention period of 4 hr. 


CoNCLUSIONS 


It is appreciated that the tests were conducted with the use of a 
settling tank that was quite small. It is hoped, therefore, that similar 
investigations can be continued on a larger seale. The work done to 
date seems to indicate that there would be little advantage in providing 
settling tanks with a theoretical detention period of more than 4 hr. 

The sewage works is under the general supervision of B. L. Crozier, 
chief engineer, Department of Public Works, and G. E. Finck, sewerage 
engineer, with G. K. Armeling, superintendent. Acknowledgments 
are due the Hardinge Co., who furnished the settling tank. J. W. Bush- 
man, junior chemist, assisted in the laboratory and field work. 
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THE OXYGEN DEMAND OF MIXTURES OF ACTIVATED 
SLUDGE AND SEWAGE 


By EpwaRkD W. Moore 


Instructor, Harvard Graduate School of Engineering 


The rate at which oxygen is consumed by the aerobic decomposition 
of the organic matter contained in sewage has for many years received 
the attention of workers in the field of sewage disposal. The rate at 
which diluted sewage takes up oxygen has been thoroughly investigated 
by Phelps, Theriault, and many others. The increasing use of the 
activated sludge process has drawn attention to the rate of oxygen con- 
sumption of mixtures of sewage and sludge. Among those who have 
contributed to our knowledge of this subject are Theriault and 
MacNamee,! ? Grant, Hurwitz and Mohlman,’ and Kessler and Nichols.‘ 
These workers have shown that mixtures of sewage and aerobic sludges 
consume oxygen far more rapidly than does sewage alone. Theriault and 
MacNamee have also found that the rate of consumption, like the rate of 
biochemical oxygen demand of sewage, can be expressed in terms of the 
reaction velocity constant. According to Theriault and MacNamee, the 
rate of oxygen consumption of mixtures of sewage and sludge is fifteen 
to twenty times as great as the rate of consumption of sewage alone. 
In analyzing the data presented by Kessler and Nichols, the author has 
reached certain conclusions which he believes to be of interest in relation 
to the work of Theriault and MacNamee. These are offered in the hope 
that they may be of some value in the development of activated sludge 
theory. 

MATHEMATICAL CONSIDERATIONS 


In the September, 1935, issue of THis JouRNAL, Kessler and Nichols 
have presented the results of a series of experiments on the rate of oxygen 
consumption of mixtures of sewage and activated sludge. The rates of 
oxygen consumption over short intervals of time were determined, by an 
ingenious technique, on mixtures of activated sludge and sewage which had 
been aerated for periods ranging up to seventy-two hours. In expressing 
their results, Kessler and Nichols introduced a new term, the Nordell 
Number, which they defined as the rate of oxygen utilization of the mix- 
ture in p.p.m. per hour. They also developed an empirical formula 
expressing the change of the Nordell Number with time. The practical 
value of the Nordell Number was demonstrated by Kessler and Nichols; 
the author wishes to consider its theoretical significance. Those familiar 
with the differential form of the equation of biochemical oxygen demand, 
dX ,/dt = 2.3kL,, will recognize the Nordell Number as an approximation, 
AX,/At, of the instantaneous rate of oxygen consumption at any time f, 
namely dX,/di. Here X, is the amount of oxygen consumed in time t, and 
L, is the demand still unsatisfied. It should therefore be possible to treat 
the Nordell Number in much the same way as B.O.D. results, and to 
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obtain from it valuable information on the processes going on in mixtures 
of sewage and activated sludge. 

The more familiar form of the equation of biochemical oxygen demand 
is L, = L-10-*', where L is the total first-stage biochemical oxygen 
demand of the sewage, and ¢ is the velocity constant of the process. The 
fundamental form, however, is the differential, which may be expressed 


as follows: 


FIX 
—— = 23kLIO-**. 
dt 
Ly = L — X_ = L-10-## = Len2tt 
al — X,) aX: iy 
Ditferentiating, i dt : =— sek = — 2.3kLe—2:** or a = 2:3kL 10-**. 


Taking the logarithm of both sides of this equation, we obtain 


dX, 


= —-k 2.3K. 
Ti kt + log 2.3k1 


log 


It is therefore apparent that if the logarithm of the rate, dX,/dt, of oxygen 
consumption at any time ¢, is plotted against time, a straight line will 
be obtained. The slope of this line will be equal to — k, and the intercept 
at zero time will be 2.34L. It is thus possible to determine the charac- 
teristics of a biochemical oxygen demand curve from a knowledge of the 
instantaneous rates of oxygen consumption at definite time intervals. 


METHOD OF ANALYSIS 


If the Nordell Numbers of Kessler and Nichols are taken as approxi- 
mately equal to the instantaneous rates of oxygen consumption at the time 
of measurement, and their logarithms are plotted against the length of 
time the mixtures have been aerated, smooth curves of constantly de- 
creasing negative slope are obtained, except for the first parts of their 
experiments, in which the Nordell Numbers are constant. Obviously, 
then, the results obtained by Kessler and Nichols cannot be expressed by 
means of the simple biochemical oxygen demand equation. If, however, 
these curves are extended far enough in time, they show a marked tendency 
to approach as an asymptote a straight line having a negative slope of 
about 0.1. The value of the rate constant, /, for the oxidation of sewage 
or polluted water is generally accepted as 0.1 at 20° C.° Other oxidation 
processes possessing higher /: values, and consequently going to completion 
in shorter times, would, if superimposed on this primary oxidation process, 
produce substantially the type of curve observed when the logarithms of 
the Nordell Numbers are plotted against time,—that is, a curvé of de- 
creasing negative slope approaching asymptotically a straight line having a 
negative slope of 0.1. It is possible by graphical methods to determine 
the characteristics of these hypothetical oxidation processes from the 
Nordell Number curves. 


* This form may be obtained from the common one by the following mathematical steps. 
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In the accompanying figure, the set of results given in Table VI 
of Kessler and Nichols’ paper is plotted as previously indicated, and 
the graphical method used to analyze these results is illustrated. 
The graphical analysis consists essentially of three steps. The asymp- 
totic straight line is first drawn. This represents the equation dX ,/di 
= 2.3k,L,10-"*. For this particular case it is found that k,; = 0.098 
(time in days) and L, = 1240 p.p.m. of oxygen demand. The difference 
between the ordinate of this straight line and the ordinate of the Nordell 
Number curve is then determined at suitable time intervals, and plotted 
on the same graph. It is found that these differences, with the exception 
of those calculated for the first two or three hours of aeration, are well 
represented by a second straight line. This line corresponds to the 
equation dX./dt = 2.3k21.10~*:' and in this case the value of /, is 1.56 
and that of LZ. is 142 p.p.m. 


NORDELL NUMBERS OF 
A MIXTURE OF SEWAGE 
AND ACTIVATED SLUDGE 


from Kessler and Nichols. Table YL 


rdell Number 4*tr 


8Xije= 23K, L,I0°%*. k=0.098 for t indays. L=1240. 


8%r= 23k,L,10%". ka=156for Tindays. Lj=142. 


X9/jt = 23kgl aio". k,=22 for t in days. L4= 94. 
\ 


{ \ ime of ation- Hours 


' 5 8 I2 16 20 2 28 32 36 40 44 48 52 SG GO GF CB 72 6 


After the first two or three hours of aeration, the sum of dX,/dt and 
dX,./dt is in all cases substantially equal to the observed Nordell Number. 
During:this first period, however, the observed Nordell Number changes 
rapidly, and is always greater than the sum of dX,/dt and dX,/dt. A third 
difference may therefore be obtained by subtracting this sum from the 
observed Nordell Number. Excluding the short initial period during 
which the Nordell Number remains constant, these differences can 
apparently be plotted as a third straight line. However, the small number 
of points available makes the validity of the straight line representation 
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less obvious than in the preceding step. The equation of the third line is 
then dX3/dt = 2.3k3L310-*s'. The value of ks; is 22, and that of Zs is 
94 p.p.m. 

We have thus broken down the Nordell Number-time equation into 
three equations of the type used to represent biochemical oxygen demand: 
7 - 4X _ 9: —k 95 —ket 1 96 —kgt 

= dt = 2.3k,L,10 os aa 2.3k.L210 2 + 2.3k3L310 os 
The methods used in arriving at this equation are similar to those used 
by Theriault and MacNamee! in their study of the oxidation of mixtures 
of channel sludges, and by Streeter ° in his study of bacterial changes in 
polluted water. 
Table I shows a comparison of the values of N computed from this 


TaBLe I.—Nordell Numbers of a Mixture of Sewage and Activated Sludge 


Nordell Number 








— 


Time Aerated from Kessler & Nichols dX, ae, | ao 

rs — — Sum 
Hours : dt dt dt 

Computed Observed | 
0.00 11.6 21.3 202.0 | 234.9 
0.08 54 54 11.6 21.0 169.0 201.6 
0.5 54 54 11.5 19.8 69.0 100.3 
1.0 54 54 11.5 18.3 23.6 | 53.4 
1.5 36.7 37 11.4 17.0 so | em 
2.0 29.9 30 11.4 15.8 28 | 30.0 
2.5 26.5 27 11.3 14.6 1.0 | 26.9 
1.63 20.0 22 11.1 10.6 21.7 
7.5 | 16.3 17 10.8 6.9 17.7 
(15) | (12.2) on 10.0 2.2 | ° 33a 
24 10.0 10 9.3 0.6 | 9.9 
(36) (8.5) 8.3 0.1 | 8.4 
48 | 7.4 5 7.3 | 7.3 
(60) | (6.7)} 6.6 | - | 66 
72 | 6.2 6 5.9 5.9 


equation using the constants given before, those computed by the equation 
of Kessler and Nichols, and those actually determined in the particular 
experiment under consideration. It wil! be noted that the results obtained 
by the use of the three-rate formula agree closely with the Nordell Number 
as computed and determined by Kessler and Nichols, except in the case of 
the Nordell Numbers obtained during the first hour of aeration. Dis- 
cussion of possible reasons for the discrepancies observed during this 
period is reserved for a later section of the paper. 


RESULTS OF ANALYSIS 


If the three equations which are summed up to yield the Nordell 
Number represent three distinct types of oxygen consuming processes 
going on simultaneously in a mixture of sewage and activated sludge, then 
the values of the three rate constants should be in reasonable agreement 
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for all of the data. We expect the rate constant for oxidation of sewage 
alone at 20° C. to be close to 0.1, and to change but little for temperatures 
a few degrees above or below 20°. If k. and k3 are rate constants of actual 
chemical or biochemical processes, we must expect them to show a com- 
parable degree of consistency in all experiments. Since temperatures are 
not given in Kessler and Nichols’ paper, it will be necessary to assume that 
all experiments were made at approximately the same temperature. 

The author has applied his method of analysis to a number of the 
experiments for which data are given in Kessler and Nichols’ paper, 
avoiding only those for which excessive extrapolation would be required in 
order to render the method applicable. The constants so obtained are 
given in Table II. The work of Theriault and MacNamee on mixtures of 


TaBLE II.—Values of Constants Obtained 


Experiment ky Ly ke | Le k; Ts 

Kessler and Nichols 4 

Laboratory Tank-Raw Sewage 0.098 1240 1.56 142 22 94 

Laboratory Tank-Diluted Sewage 0.100 990 152 12 21 22 

Newark, N. Y., Dec. 30, 1934 0.090 500 1.35 19 15 | 26 

Newark, N. Y., Dec. 31, 1934. . 0.080 820 | 1.32 104 21 | 3 

Newark, N. Y., Jan. 1, 1935 ; 0.091 | 598 | 1.43 66 10 is 

Milwaukee, Nov. 8, 1934 0.092 1134 1.24 118 8 32 

Milwaukee, Nov. 18, 1934 0.089 368 1.44 | 38 20 | 13 

Milwaukee, Dec. 1, 1934 ; 0.090 1270 1.20 141 | 12 55 

Madison, Wis., Mar. 9, 1935... . ..| 0.104 838 | 3.06 58 11 | 19 
Theriault and MacNamee ! 

igo © ...... , ; 0.08 1088 1.6 190 — = 

Sg ne 0.18 1179 2.0 368 

Stored Sludge, 20°C... ear 0.06 1216 1.5 391 


MacNamee?........ eet : 2 A se Pee Me EOIN SER Neves Bon he ptalctoiew ies 





Note: k values are for time in days, values of L in mg. per liter of mixture. 


sewage and channel sludges is also included in the table. It is evident 
from the results that /, and 4». show a degree of consistency commensurable 
with that usually found in biological work. The values of the third rate 
constant 3 are less consistent, and its position as a fundamental constant 
is less clearly indicated. It should be noted, however, that several factors 
make the exact determination of the value of k; difficult. Its evaluation 
rests on a few Nordell Number determinations made in the early stages 
of the experiment. Here the Nordell Numbers are high, and the assump- 
tion that they are equal to the instantaneous rate of consumption, dX,/dt, 
is seriously in error, since the time required to determine the Nordell 
Number is an appreciable fraction of the time the mixtures have been 
aerated. In other words, the Nordell Numbers are really equal to 
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AX,/At, where At is a significantly large time interval when the Nordell 
Numbers are changing rapidly with time. Another source of error lies in 
the graphical method employed. Errors made in determining /; and kz 
are thrown forward into the determination of k;. It is therefore possible 
that ks has a real significance, despite the observed variation in its value. 

The first rate constant, k,;, corresponds very closely in its numerical 
value to the rate constant commonly accepted for biological oxidation of 
sewage and polluted water ° at temperatures in the vicinity of 20° C. 
The values 0.08 to 0.10 are typical for this process. It is reasonable to 
assume that oxidation of this type goes on at all times in mixtures of 
activated sludge and sewage, but that it is usually overshadowed by other 
more rapid types of oxidation processes characteristic of these mixtures. 

The second rate constant, kz, shows values ranging from 1.2 to 1.6, 
excluding one exceptionally high value. It thus represents an oxygen 
consuming process which is twelve to twenty times as fast as the normal 
rate of oxidation for sewage, referred to in the previous paragraph. 
Theriault and MacNamee ! in investigating the oxygen demand of mixtures 
of sewage and channel sludges, found evidence of the existence of such a 
process, and deduced that its rate constant had a value of 1.6 at 18-22° C. 
MacNamee * in a later paper finds a rate constant of 2.0 in mixtures of 
sewage and activated sludge, using a somewhat different method of 
approach to the problem. MacNamee’s paper seems to suggest that this 
constant represents a process of rapid oxidation of some of the organic 
matter present in the sludge liquor. The author offers for consideration 
the idea that this process corresponds to the rapid oxidation of a portion 
of the organic matter which has been adsorbed from the sewage by the 
activated sludge floc. It is known that adsorbed substances often show a 
high degree of reactivity. It is further suggested that this oxidation is 
necessary for the regeneration of the activated sludge, since regeneration 
consists mainly of returning the activated sludge flocs to a condition in 
which their surfaces are again capable of adsorbing the organic matter in 
sewage. It may be that this condition can be reached by partial oxidation 
of the layers of organic matter picked up by the sludge flocs. 

A reaction with a velocity constant of 1.5 is 60 per cent complete in 
6 hours, and 90 per cent complete in 16 hours. In American activated 
sludge plants, a 6-hour period of aeration of the mixture of sewage and 
sludge is common, and relatively large percentages of sludge are recircu- 
lated. Insome British plants it has been the custom to aerate the returned 
sludge alone for periods up to 18 hours, and to recirculate smaller per- 
centages of sludge. Obviously, when smaller percentages of returned 
sludge are used, it is necessary to regenerate them more completely. 
There is, then, a rough agreement between the time required in practice 
for regeneration of activated sludge, and the time required for the oxidation 
process represented by kz to go to various stages of completion. 

The third rate constant, k3, with values ranging from 8 to 22, repre- 
sents a reaction which is five to fourteen times as fast as the reaction 
represented by ko. The existence of such a reaction may possibly be 
regarded as questionable, since the value of the rate constant varies con- 
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siderably from one experiment to the other, and since other workers have 
never reported it. However, if the validity of the first two steps in the 
analysis is assumed by reason of their substantial agreement with the 
results of other workers, it is necessary to postulate a third oxygen con- 
suming process of very high velocity to account for the high rates of 
oxygen consumption which Kessler and Nichols observed in mixtures of 
sewage and activated sludge during the first hour or two of aeration. It 
should also be noted that in the investigation of the oxygen consumption 
of mixtures of sewage and activated sludge, it would be necessary to work 
rapidly to find evidence of the existence of a reaction of such high velocity. 
The technique employed by Kessler and Nichols is particularly well 
adapted to show the existence of such a reaction, since it measures oxygen 
consumption over a short period of time. A number of determinations 
of oxygen consumption may therefore be made in the first two hours of 
the experiment. The methods used by other workers often have not 
permitted such close observation of the oxygen demand during the early 
stages of the experiment. A reaction with a velocity constant of 20 is 90 
per cent complete in 1.2 hours, and its observation therefore requires an 
especially rapid technique. 

Speculation as to the probable nature of the oxygen-consuming process 
or processes represented by k; is of little value until more information is 
available. It will therefore be sufficient to mention a few processes which 
might cause a rapid absorption of oxygen in mixtures of activated sludge 
and sewage. It has frequently been assumed that sewages and sludges 
may, under certain conditions, contain substances capable of reacting 
directly with oxygen. Such substances would, of course, have a high 
rate of oxygen demand. If the sludge floc were lower in oxygen content 
than the surrounding liquid, oxygen would diffuse from the liquid into the 
floc. The apparent rate of oxygen consumption would be rapid, but the 
total demand exerted by this process could not be as great as the observed 
values of L;. Another possibility is the direct adsorption of oxygen by 
the sludge floc. The rate constant k; may represent one of these processes, 
or a combination of them, or it may represent some process as yet un- 
recognized. 


Tue IniTIAL PERIOD OF CONSTANT OXYGEN ABSORPTION 


In all the studies reported by Kessler and Nichols the Nordell Number 
remained constant for a short time after the beginning of the experiment. 
Grant, Hurwitz, and Mohlman also found that the rate at which mixtures 
of sewage and activated sludge absorbed oxygen remained substantially 
constant for an even longer time interval than that observed by Kessler 
and Nichols. The ideas so far developed in this paper do not take into 
account this period of constant rate of oxygen absorption. Theoretically 
the rate of oxygen consumption should be highest at the beginning of the 
experiment, and should decrease steadily as time increases. However, 
there is a physical limit to the rate at which oxygen can be taken out of 
the liquor by the activated sludge. The floc must constantly be brought 
into contact with fresh liquor from which the dissolved oxygen has not 
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been removed. With this in mind, it is not unreasonable to expect that at 
times the controlling factor in oxygen absorption will be not the rate at 
which the floc can take up oxygen, but the rate at which oxygen can be 
brought to the floc. In any given experiment the latter rate may be sub- 
stantially constant. The results obtained by Grant, Hurwitz and Mohl- 
man can be successfully reconciled with this idea. They found that an 
increase in the quantity of sludge in sewage increased the total rate of 
oxygen absorption, but decreased the rate of absorption per unit of sludge 
present. In other words, oxygen could be fed to any individual sludge 
particle more rapidly in a thinner mixture than in a thicker one. It may 
be, therefore, that the initial constancy of the rate of oxygen absorption 
ean be accounted for as a limiting rate controlled by physical factors. 
It should also be noted that Kessler and Nichols refer to certain experi- 
ments in which they obtained very high Nordell Numbers with very 
short periods of shaking of their mixtures of sewage and sludge. They 
eliminated these high results by allowing the initial demand to be satisfied 
before determining the Nordell Number of the mixture. It is possible 
that this procedure had some part in producing an initially constant 
Nordell Number. 


THe TotTaL OxyGEN DEMAND 


Each of the three oxygen consuming processes or reactions into which 
the Nordell Number curves have been analyzed has a definite total oxygen 
demand. The method of computation of this demand has already been 
indicated, and the demands for the three processes have been designated by 
the letters L,, Lz and L;. The values of these quantities and their sums 
are set forth in Table III, together with whatever information could be 
obtained on the actual B.O.D.’s of the sewages and sewage-sludge mixtures, 


TaBLE III.—T otal Oxygen Demands and Other Data, Derived from Kessler and Nichols’ Experiments. 























| Observed Observed 
Calculated B.O.D. B.O.D. of | B.O.D. of Volatile 
Sewage Mixture Sus- Sus- 
Experiment Ra ee eee pended eee 
oan Frere a oe Solids a ” 
L Le \Le| SL | 5 | Ulti 5 | 1 Iti- Solids 
; : day | mate*} day | mate* 
| | 
Laboratory— | 
Raw sewage...... 1240 | 142 | 94 | 1476 | 1100 | 1620 | — —~ - - 
Diluted sewage....| 990 | 123 | 22) 1135 | 695 | 1020} — — —— 
Newark Dec. 30..... .| 500] 49|}26] 575 | 404 595 | 337 | 495 950 -- 
8 as 5 ee 820 | 104; 33} 957] 360] 530] 300 | 441 2288 — 
gan, Aes 598 | 66/15] 679] 260] 382] 166 | 244 2457 mon 
Milwaukee Nov. 8....| 1134 | 118 | 32 | 1284 | — — | 280 | 412 3000 2340 
Nov. 18....| 368] 88)13{ 419] 120| 177] 106 | 156 900 701 
Dec. 1....} 1270 | 141155! 1466 | 300] 441] 201 | 296 5600 3920 

















* 5 day demand divided by 0.68. 















20 SEWAGE WORKS JOURNAL Jan., 1937 
and on the suspended solids in the mixtures. It will be seen that the sum 
of the values of L for each experiment is greater than the expected B.O.D. 
of the mixture as computed from the determined B.O.D.’s of the sewage 
and the sludge liquor. This is to be anticipated in view of the statement 
made by Grant, Hurwitz and Mohlman that mixtures of sewage and 
sludge absorbed more oxygen in a few hours of aeration than would be 
required to satisfy the entire first stage B.O.D. of the sewage used. A 
large portion of the oxygen consumption is probably due to the organic 
matter already present in the sludge. 

The relationships between the various values of L,, L., L3 and the 
determined B.O.D.’s of the sewage and sludge liquor are obscure. The 
value of L, is generally 9 to 10 per cent of the sum of £;, Lo and L;. It also 
appears to be roughly related to the ultimate B.O.D. of the sewage as 
determined by the dilution method, but does not bear any definite pro- 
portionality to it. The value of L;, the long time demand, appears to be 
more closely tied up with the quantity of suspended solids in the mixture 
than with anything else. It is considerably greater than Ly. and Ls. 
The value of L; appears to have no relationship to any of the other 
quantities for which values are available. 


3IOLOGICAL CONSIDERATIONS 


It will be noted that oxygen demands have been treated throughout the 
paper as if they were simple chemical reactions subject to direct velocity 
measurements. Of course, the oxygen demands are really in large part 
the results of complex chains of reactions going on in the cells of many 
types of organisms inhabiting activated sludge. The fact that an oxygen 
demand can be treated in the same way as a unimolecular chemical reac- 
tion implies nothing about the mechanism by which the oxygen demand is 
exerted, except possibly that in this complex mechanism there is a con- 
trolling chemical or physical reaction which may be expressed in terms of 
the unimolecular law. There is good precedent for the treatment of 
oxygen demands as chemical reactions with measurable velocities in the 
familiar equation for the biochemical oxygen demand of sewage and 
polluted waters. Such treatment has proved its value in the study of 
biochemical oxygen demand; it may be of similar value in the study of 
the activated sludge process. 


SUMMARY AND CONCLUSIONS 


The data published by Kessler and Nichols on the rate of oxygen con- 
sumption of mixtures of sewage and activated sludge can be represented as 
the sum of three unimolecular reactions of the same type as that used to 
represent the biochemical oxygen demand of sewage and polluted waters. 
The first reaction has a velocity constant whose value closely approaches 
the value generally accepted for sewage and polluted waters. The second 
reaction has a velocity constant roughly fifteen times as great as the first. 
It corresponds closely to a similar reaction previously reported by 
Theriault and MacNamee in mixtures of channel sludges and sewage. The 











Vol. 9, No. 1 OXYGEN DEMAND 21 


third reaction has a very high velocity constant, approximately ten times 
that of the second, and has not been previously reported in the literature. 
This method of formulating the oxygen demand of mixtures of sewage and 
sludge can probably have no direct practical significance, but the author 
hopes that it may make some contribution to our knowledge of the 
processes taking place in such mixtures. 

The author is indebted to Professor G. M. Fair for his aid in ‘preparing 
this paper and in developing the ideas expressed therein. 
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CHEMICAL COAGULATION OF SEWAGE * 
VI. CLARIFYING VALUE OF RETURN SLUDGE 


By Wititem Rupours ano H. W. Geum 


Chief and Assistant, Div. of Water and Sewage Research, New Brunswick, N. J. 


At as early a date as 1873 the return of sludge to the raw sewage 
as an aid to clarification in chemical coagulation was recorded. Later 
British practice often included this procedure. Modern practice of 
chemical treatment in this country has included plant and pilot plant 
experimentation along these lines. Despite discussion and use, in- 
formation as to the actual effect and degree of improvement in clarifica- 
tion afforded by chemical sludge, or the saving in coagulant accom- 
plished is rare and then often indefinite. 

Questions such as the effects of sludge produced by different chem- 
icals, the volume of sludge, concentration of sludge, return of sludge 
before and after coagulant addition on pH changes, return of acid or 
alkaline sludges, need to be answered before more definite conclusion 
‘an be drawn. 

The results presented in this paper constitute an entry into an in- 
vestigation to determine the degree of clarifying activity of chemical 
sludges, alone and in conjunction with chemicals for adjusting the pH. 
A study is also made of the effects of certain factors which affect the 
efficiency of returning sludge under different conditions. 


PROCEDURE 


Raw sewage from different sources was treated with chemicals, 
flocculated 30 minutes and allowed to settle for two hours. Sludge was 
then drained off and used immediately. Some of the supernatant 
liquor was used in preparation of the mixtures. The supernatant 
liquor was eliminated as a factor in clarification by control tests. In 
the case of coagulants yielding a bulky sludge, 1000 ¢.c. of raw sewage 
was used with 500 ¢.c. of sludge-supernatant liquor mixtures. The con- 
centration of solids was varied by using increasing amounts of sludge, 
and making up the volume to 500 ¢.c. with supernatant liquor. 

This procedure provided an equal amount of removable suspended 
material in each jar, with a varied concentration of chemical sludge. 
With denser sludges, 1350 ¢.c of sewage was used with 150 «ec. of 
mixture. Suspended solids were determined on the sludge and sewage 
and suspended solids or turbidity on the effluents. When coagulants 
were used in addition to return sludge they were added after the sludge 
was mixed.  Flocculation time was thirty minutes and settling time one 
hour. All pH measurements were made with a Beckman glass elec- 
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trode, which gave very satisfactory results. Sewages of varying char- 
icteristies, as described in the first paper of this series, were used. 
Return of Ferric Iron Sludge—To determine the effect of ferric , 

iron sludge, when returned in increasing quantities, sludges were ob- 

tained by coagulation with 20 p.p.m. of iron (FeCl,). They contained 

an average of about 0.6 per cent of solids. Three different types of 

sewages were used and in each case the results were similar. The 

average results for all trials are shown in Table I. 


TABLE I.— sinc — of secleietiee Amounts of Return Sludge 





} | | 
Suspended Solids meer een Scahen|, 2ooe | 523 | 812 | 1061 | 1319 | 1631 


No Additional Coagulant | | 


Susp. Sol. Eff.. a | 2 1 oe) 60 | 59 | 79 

Increased Removal Due to Sludge. aes | 26] 20 | 21 | 22 | 2 
5 p.p.m. Fe as (FeCl;) | | | | 

S)hc) Ours 0) He 01) Ca See es ee ae } 49 | Se) “Sse 39 | 38 39 

Increased Removal Due to Sludge. . | — | 12 11 | ___ 10 1 | 10 








* No sludge. 


Doubling the suspended solids concentration of the raw sewage with 
chemically coagulated return sludge gave an increased removal of sus- 
pended material, both with and without a small dosage of ferric chlo- 
ride. Further addition of sludge did not increase the removal of sus- 
pended solids and excessive quantities in some instances gave poorer 
clarification than small quantities. 

Addition of coagulant to the sewage-sludge mixture decreased the 
effectiveness of the sludge on the basis of p.p.m. suspended solids re- 
moved. This may be caused by removal of the more readily coagulable 
suspended material by the more active coagulant, leaving only the very 
fine solids for the return floe to pick up. As these particles are difficult 
to coagulate even with FeCl,, little removal may be expected by the 
returned floc. This is well illustrated in Fig. 1, which shows the re- 
sults when sewage was treated with a constant volume of chemical 
sludge and varied amounts of FeCl,. With no coagulants, 36 p.p.m. 
suspended solids were removed by the sludge; when 25 p.p.m. of iron 
was employed, in addition, only 5 p.p.m. removal could be attributed to 
the sludge. 

It is conceivable that the order of addition of chemical and sludge 
to the sewage would be of some importance in clarification results. The 
results presented in Table II, however, indicate that there is no ap- 





TaBLeE II.—Return of Sludge Before and After Coagulant Addition 
(Sewage 328 p.p.m. eres solids; 512 p.p.m. return a used) 

















| 
Sludge + Coagulant.............. | 94 | 80 + 
Coagulant + Sludge..............| 94 80 
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parent difference when the sludge is added before or after ferric chlo 
ride. Since the sewage was completely treated to produce this sludge 
no large immediate absorption of coagulant would be expected. Ap 
parently the removal of materials from the raw sewage by the FeC] 
prevents reaction which might take place with the returned sewage 
The effect of the sludge appears to be entirely physical. The following 
experiment substantiates these observations. 

Three liters of three different sewage samples were treated with 0, 
10, 20, and 30 p.p.m. Fe (FeCl,) respectively and settled until the sludge 
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Fic. 1.—Effect of return chemical sludge with varied iron salt dosage (FeCl, used). 


volume was 150 ¢.c. Ten p.p.m. Fe gave partial coagulation, 20 p.p.m. 
complete coagulation and 30 p.p.m. was in excess but not sufficient to 
cause re-dispersion. Each sludge was added to 1350 ¢.c. of raw sewage 
and the mixtures were flocculated for 30 minutes and settled one hour. 
This procedure was repeated, using 6 liters of sewage to obtain a more 
concentrated sludge. Sludge from the excessive chemical treatment 
was no more effective than that which was treated to give satisfactory 
coagulation. Poorer clarification was obtained with the partially 
treated sludge than with the completely coagulated, but the former was 
effective to some extent. Doubling the sludge quantity showed no 
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added clarifying effect. This checks other observations and results 
eiven above. It should be remembered that in order to produce twice 
the coneentration of solids in the same volume the amount of coagulant 
added was double that of the sludge in the lower concentration. A 
larger amount of spent coagulant present in the sludge had therefore 
no inereased beneficial effect. This is clearly shown in Fig. 2, indicat- 
ing that the suspended solids remaining in the effluent were practically 
the same for different coagulant additions, when the suspended solids 
in the sewage-sludge mixture were increased from 890 to 1780 p.p.m. 

Return of Lime-Iron Sludge.—In most of the processes where sludge 
is returned (English practice) chemicals are employed for adjusting 
the pH. In this country several processes include return of lime-iron 
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Mig. 2.—Effect of mixed liquor solids concentration on clarification with different amounts 


of coagulant. 


sludge. As lime sludge is of higher pH than the raw sewage, the addi- 
tion of such sludge to raw sewage might aid in raising the pH value and 
thus lowering the subsequent lime dosage necessary to obtain best re- 
sults with the most economical use of coagulant. 

The effectiveness of increasing amounts of sludge obtained after 
treatment with lime to 9.0, plus small amounts of ferric chloride (5 to 
10 p.p.m. Fe) and the change in pH subsequent to addition of sludge 
to the raw sewage, were first studied. Experiments were the same as 
with the iron sludge, except that as the lime sludges were more compact 
the volume of sludge returned to the raw sewage was less (150 ee. 
maximum). This amount gave concentrations of suspended solids in 
the mixed liquor of over 2000 p.p.m. 

The results obtained with return lime sludge added in increasing 
amounts to three sewages of varied character, and the accompanying 
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changes in pH values of the raw sewage, are shown in Fig. 3. 
tional pertinent data are shown in Table ITI. 
curves shows that clarification of stale as well as fresh sewage is af- 
fected by the return of lime-iron sludge and that clarification increases 
gradually with the quantity of sludge added. 


Perusal of the table and 


The pH values in both 
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Fig. 3.—Effect of lime-iron sludge on turbidity removal and pH changes. 


fresh and stale sewage were also affected but not to the same degree. 
The changes in pH values caused by the return of lime-ferrie iron 


With large quantities of return sludge the max- 


With the most economical amount of sludge 
(5.2 per cent) to produce clarification an average rise of 0.4 pH re- 
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TaBLE III.—pH and Suspended Solids of Sewage and Iron-Lime Sludge Mixtures 








Red Bank | Highland Park 


| 
Plainfield | 
| Sewage | Sewage | Sewage 
“Ee bea so Re ARES SRC OR es Pacer Oey oe gran 6.5 7.5 7h 
UN i Se nit ng Coben egies | 0-0.5 | | 
Suspended Solids Sewage................... | 596 | 340 | 387 
Sindee one: er Went. 5... ena acess 1.05 1.65 | 1.01 
Sludge Returned Per Cent by Vol........... 0-10.8 | 0-10.8 | 0-10.8 
Sis) cog. 0) Mans 1a" bc 01 Vee ear ee aC 488-2132 | 306-2784 352-1642 
lurbidity Removed by Sludge, Per Cent..... 10-23 2-30 | 7-24 





sulted. In no ease did the rise in pH represent a very large equivalent 
of lime, even with excessive quantities of sludge. 

The results of these experiments show that the strength of the orig- 
inal sewage is not a factor in determining the degree of change, but 
that the effect will vary from place to place. In other words, the de- 
eree of pH changes and clarification caused by returned sludge is gov- 
erned by several factors which seem to depend on-the character of the 
sewage. In some cases the return of sludge will be more effective than 
in others, although the total effectiveness with smaller quantities of 
sludge appears in any case to be small. 

The sludge used in these experiments averaged about 1.2 per cent 
solids and the return of 5.2 per cent by volume was the lowest quantity 
to give maximum clarification. Only slightly poorer results were ob- 
tained using 3.6 per cent return sludge. Since the average solids con- 
tent of the mixed liquor ranged between 868 and 1545 p.p.m. when these 
percentages were returned, it appears that the mixed liquor in the floc- 
culator should run about 1000°p.p.m. suspended solids. A return of 
much more than the amount necessary to give this concentration is 
uneconomical, both from the standpoint of pumping and flocculator 
speed, or air consumption when air flocculation is employed. If dif- 
fused air is used such large quantities are required to keep a high con- 
centration of solids in suspension, that disintegration of the floe is 
likely to oceur. 

The fact that staleness of the original sewage is not important in 
connection with the return of a lime-iron sludge does not mean that 
stale return sludge is as effective as fresh sludge. As a matter of fact, 
either fresh sewage or stale sewage when coagulated may produce fresh 
sludge. This ‘‘fresh’’ sludge is more effective than material which 
has been standing, or so-called ‘‘stale’’? sludge. Experiments show 
that by the use of chlorine the sludge can be held fresh and effective. 

Adding lime-iron sludge prior to FeCl, sewage coagulation showed 
that the resulting clarification was equivalent to the sum of the clarify- 
ing power of each. The same sewages were used for this work. The 
suspended solids maintained in the mixed liquor varied from 1012 to 
1548 p.p.m. and varying quantities of coagulant were added. The re- 
sults of three series given in Table IV show that no added clarification 
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TasLe IV.—Effect of Lime-Iron Sludge on FeCl; Coagulated Sewage 


Highland Park Plainfield Red Bank 
Turbidity Turbidity Turbidity 

Fe Mixed Fe Mixed Fe Mixed 

No Liquor No Liquor No Liquor 

Sludge 1548 Sludge 1012 Sludge 1132 

p.p.m. p.p.m. p.p.m. 

p-p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. p.p.m. 
0 85 72 0 113 92 0 200 157 
2.0 66 13 20 50 13 5 108 83 
5 37 25 dD 39 25 10 73 38 
10 20 10 10 As 10 15 57 20 
20 ot 10 
20 10 S 


was accomplished by combining the two procedures over the addition of 
each individually. It is also of interest that with increasing amounts 
of sludge the turbidity of the effluents did not vary greatly with in- 
creasing quantities of coagulant. In other words the clarification 
power of a given lime-iron sludge remained practically constant 
whether partial or nearly complete coagulation was practiced. 

The return of lime-iron sludge, and its effect on lime additions, was 
also investigated. Sewages were treated with returned lime-ferric iron 
sludge and varying quantities of lime. Here again, as with the addi- 
tion of FeCl,, the resultant clarification was equivalent to the sum of 
that obtained with each procedure separately. This is shown in the 
examples given in Fig. 4. Increasing the quantities of return sludge 
raised the pH values, but no increased clarification occurred. This was 
probably due to the fact that with decreasing turbidities the removal 
of the remaining finely divided particles becomes increasingly difficult. 

Return of Acid-Ferric Iron Sludge.—lt is conceivable that acid-iron 
sludge would have some residual clarifying power in addition to lower- 
ing the pH value of the sewage. For that reason sewages were treated 
with 10 p.p.m. FeCl, and sufficient H.SO, to produce a pH of 4.0. The 
resulting sludge was returned to raw sewages in quantities varying 
from 1.8 to 10.8 per cent of sewage volume, giving mixed liquor sus- 
pended solids concentrations varying from 336 to 2530 p.p.m. In no 
ease was there any perceptible clarification. The maximum pH drop 
‘aused by return of sludge was 0.4 pH which took place in the case of 
each sewage when 10.8 per cent sludge on the basis of sewage volume 
was returned. This is equivalent to the pH reduction which can be 
obtained with about 20 p.p.m. H.SO,. 

Return of Alum-Sludge——When alum was used as coagulant to pro- 
duce sludge, and the sludge was returned, the magnitude of its clarify- 
ing values was about the same as that obtained with ferric coagulants. 
Here, however, the amount returned determined the degree of clarifica- 
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This picture was changed when alum was used in con- 
The return of small amounts of sludge 





29 








pH 








905 
92 


8e4 






















726 
100}— a 
—— 965 
FNo sludge ee 
80 il CpH —49 92 
60|—“Return- Be4 
— 
40oL—<" 766 
20 |}— “368 
0 | 
50 100 150 200 
ppm Lime 
Fic. 4.—Effect of lime-iron sludge on lime requirements. 
100 
80 
Ke SI 
fs No additional 
a “ alum 
z — 
i 60 sa? 
o _ 
= 
° NE 
a Wig al 1 ppm Al(alum) 
ae |e J------... == sme 
u 40 
i = aaa 6 



































4 12 
% Return sludge of sewage vole 


Effect of returning alum sludge (with and without additional coagulant) on 


clarification. 


amounts 











did not aid 





30 SEWAGE WORKS JOURNAL Jan., 1937 


That a sludge obtained from alum coagulation is active in clarifica- 
tion in subsequent treatment with alum and vice versa is apparent on 








































































































inspection of Fig. 6. Here again the fact is demonstrated that return \ 
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Fic. 6.—Effect of alum sludge on subsequent sewage coagulation with alum or ferrie 
chloride. 


sludge has a clarifying effect of its own. The addition of ferric coag- 


ulant tends to lessen this effect as it did with returned iron sludge, but 
addition of alum to iron sludge sewage mixtures did not do this. 


Discussion 





The preceding experimental results have shown that a definite re- 
moval of turbidity can be obtained when raw sewage is treated with 
coagulated return sludge. The degree of clarification is not great when 
compared with the amount of coagulant necessary to produce the same 
results. Moreover, when coagulated sludge is returned in conjunction 
with a coagulant the clarifying power of the sludge is obscured or may 
play only a minor role. However, other factors than clarification alone 
should be taken into consideration to arrive at an evaluation of the 
return of coagulated sludge in practice. The fact that either coag- 
ulated or raw untreated sewage is clarified more rapidly when coag- 
ulated sludge is returned is of importance, even if no more finely di- | 
vided, non-settleable material is removed from the liquid. The rate of | 
settling with returned sludge, together with the volumes of sludge 
produced by different procedures, will be discussed later. In cases 
where the sewage is very weak a moderate quantity of returned sludge 
may be beneficial. These and other advantages specific to some sew- 
ages may make the return of coagulated sludge at some plants good 
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practice, although no remarkable aid to clarification or considerable 
saving in coagulant may be found. In general it will be a question be- 
tween the cost of returning the sludge and the additional benefits de- 
rived. Whenever a sufficient quantity of coagulant is added for ‘‘com- 
plete’’ clarification the practice of returning sludge will have compara- 
tively little value. 

The mechanism of the removal of turbidity in raw sewage by the 
returned sludge appears to be the coalescence of the larger non-settle- 
able particles upon the sludge floc. The inactivity of sludge treated 
with excess of coagulant, over that treated with the proper amount, 
indicates that it is not the iron or aluminum present in the sludge that 
causes the clarification. If a part of the coagulant remained active it 
could be expected that the more coagulant added to the sludge the more 
effective the sludge would be, but if the coagulant is combined or fixed 
an exeess would have no value. All results indicate that the coagulant 
is more or less fixed in the sludge and unless released is not capable 
of further coagulation. Attention has been called to this fixation in 
earlier work * and will be discussed in detail in a later paper. 

The lower clarifying power of partially treated sludge, as compared 
with completely or excessively treated sludge, indicates the formation 
of a less tenacious floe which is held together with difficulty and is either 
unable to adsorb more particles or loses some of the floceulated solids. 
This partially treated sludge breaks up more easily when disturbed or 
handled. 

The fact that large amounts of sludge are not more effective in 
clarification than smaller quantities is explained when we consider 
that only a definite amount of finely divided suspended solids can be 
removed from the liquor by the sludge. Additional sludge will re- 
move this quantity in a shorter time, so that better results may be ob- 
tained with larger quantities of sludge (when the flocculation time is 
less than the customary 20 or 30 minutes) than with small quantities. 
Kxcessive quantities of sludge are actually detrimental to good clari- 
fication. This may be due to a rubbing or abrasive effect caused by 
contact of the individual floe particles in the liquor during flocculation. 
With the formation of a strong, newly coagulated floe the breaking yp 
does not occur, even with sustained rapid mixing, but sludge coagulated 
at or below the optimum is more fragile, more threadlike and more 
readily disintegrated. With increase in density of the mixed liquor 
of 2000 or more p.p.m. suspended solids the floes are in relatively close 
proximity, resulting in a greater chance of breaking apart. 

The necessity of returning a greater weight of solids when lime- 
ferric chloride sludge is employed appears to be due to (1) the presence 
of calcium carbonate in the sludge, the absorptive power of which is 
small, although it adds considerable to the solids weight; (2) the lesser 
bulk of this type of sludge; and (3) a possible lower absorptive ability 
of the finely divided suspended material which was flocked out by the 
lime. The more compact nature of this type of floe would allow the 

* Rudolfs and Setter, This Journal, 3, 352 (1931). 
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return of comparatively excessive quantities without resulting in poorer 
clarification. 

The inactivity of the acid-iron sludge may be ascribed to the lower- 
ing of the pH value of the sewage to the point of poorest coagulation. 
Addition of excessive quantities of acid-iron sludge (pH 4.0) reduced 
the pH values of the raw sewages to only about 6.5. The decreased 
clarification offset the clarifying effect of the sludge, thereby yielding 
an effluent no better or worse than when no sludge was returned. Other 
factors, such as the formation of a different iron-organic matter com- 
plex, on the acid side, may determine to some extent the results obtained. 

The value of acid-iron and lime-iron return sludge for adjusting 
pH values could be expected to be low. On addition of acid or lime 
to the sludge certain compounds are formed which exhibit a high buffer 
action. Fatty acids liberated by addition of acid may act in this way. 
Because of these buffering substances in the sludge the returned ma- 
terial is unable to exert any marked neutralizing power. 


SuMMARY 


Sewage was treated with varying quantities of sludges produced by 
coagulation with ferric chloride, lime and ferric chloride, and alum. 
Turbidity removals of from 10 to 50 p.p.m. were observed, when no 
additional coagulant was used, the exact removal depending upon the 
character of the sewage, the amount of sludge returned and the treat- 
ment used in obtaining the sludge. The average removal effected by 
returned sludge was from 10 to 20 p.p.m. turbidity. In the ease of 
sludges formed by FeCl, or alum the return of sludge, sufficient to give 
a suspended solids concentration of about 500 p.p.m. with sewage of 
average strength, produced maximum clarifying action. When lime 
was used in addition to a coagulant, best results were obtained with 
about 1000 p.p.m. suspended solids in the mixed liquor. When FeCl, 
alone was used, with or without lime (in addition to return sludge), 
the clarifying effect decreased as the iron dosage increased. Addi- 
tional clarification by the sludge was noted when the alum or lime 
dosages increased and a constant quantity of either iron or alum sludge 
was returned. Coagulation dosage before or after sludge was returned 
did not affect clarification. Excessive coagulant dosage in obtaining 
sludge did not render the sludge more effective, but incomplete treat- 
ment produced a less active returned sludge. Acid-ferric iron sludges 
were not active in clarifying sewage. Sludge of high and low pH, due 
to lime or acid treatment, were of comparatively little consequence in 
adjusting raw sewage to pH values where coagulation occurred with 
small coagulant dosage. This held true even when excessive quantities 
of sludge were used. 


CoNCLUSIONS 


1. Returned alum, FeCl,, and FeCl,-lime sludges have a definite 
clarifying value, although the same effect can usually be obtained with 
from one to five p.p.m. of the coagulant. 
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2. The amount of returned sludge necessary with FeCl, or alum 
sludge to obtain maximum clarification is lower than when lime coag- 


ulated sludge is used. 

3. The order of addition of returned sludge and coagulant does not 
seem to be important. 

4. Partially treated sludges are less effective than fully treated, 
and over-treated sludges are no more effective than fully treated ones. 

5. Acid sludges have no clarifying values, but lower slightly the 
pH values of raw sewage. 

6. Increasing the ferric coagulant dosage decreases the effective- 
ness of returned sludge in clarification. 

7. The return of ferric iron or alum sludges afforded additional 
clarification, regardless of coagulant dosage. 








INFLUENCE OF PHOSPHORUS AND NITROGEN ON 
BIOCHEMICAL OXYGEN DEMAND * 


By Wm. L. Lea anp M. Starr NicHous 


Assistant Chemist and Chief Chemist, Wisconsin State Laboratory of Hygiene, University of 
Wisconsin, Madison 


One year ago we presented data to show that the biochemical oxygen 
demand value of a 0.1 per cent sugar solution is greatly influenced by 
the mineral content of the diluting water. The data given showed that 
this glucose solution when diluted with plain sodium bicarbonate dilu- 
tion water (300 parts per million) and inoculated with sewage organ- 
isms gave on the average only about one-eighth as great a B.O.D. as 
when the same diluting water was supplemented with minute amounts 
of mineral salts. It was also shown that little biological activity was 
present in the plain dilution water mixtures, as evidenced by the bac 
terial counts in comparison with the great activity in the supplemented 
dilution water mixtures, even though the number of sewage organisms 
used as inoculum were the same. Proof was furnished by analysis of 
duplicates that the mineral salts of the B.O.D. mixtures did not, in 
themselves, use oxygen, as no nitrates were formed during the five-day 
period. These analyses also demonstrated that the free ammonia ni- 
trogen which disappeared could be found as total organic nitrogen. 

This work has been continued and duplicate B.O.D. determinations 
made on a number of various kinds of wastes using both the plain bi 
-arbonate dilution water and the supplemented dilution water as used 
in our previous work. This supplemented dilution water contains the 
following mineral salts: 


pemmoninm Sulphate <<... ee cose ees 2.5  p.p.m. 
Ns C2 Of SES Sa a ace eae ea BaP eg ee 0.01 p.p.m. 
A MeeSA OE SMMC Ue etic ae tte eB )<ita sie teyes ne 0.01 p.p.m. 
PIPED ee bis Mee sieais oS SES mid SOs Week 0.10 p.p.m. 
PONAMEO OS sig ily scans sipso. 4 5G sve tareialane sie eaveus& 300. p.p.m. 


and was readily prepared from a dry salt mixture as described (1). 
The plain bicarbonate dilution water was made by adding a concen- 
trated solution of sodium bicarbonate to distilled water in sufficient 
quantity to make a concentration of 300 parts per million. Free am- 
monia and organic nitrogen, and soluble and total phosphorus were 
run on many of the samples of wastes and calculation of the concentra- 
tion in the B.O.D. mixture was made. Nitrogens were titrated after 
distillation, where concentrations would permit; otherwise Nessleriza- 
tion was used. Soluble phosphorus was measured directly after clari- 
fication, by the colorimetric method of Atkins (2). The total phos- 
phorus was obtained by evaporation of a portion of the sample to which 
1 ml. of a 10 per cent magnesium nitrate solution had been added. The 
dry residue was then ignited, the white ash dissolved in dilute sulphuric 

* Presented before the Ninth Annual Meeting of the Central States Sewage Works Asso- 
ciation, Indianapolis, Ind., Oct. 30, 1936. 
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acid and the phosphorus measured colorimetrically in a manner sim- 
ilar to the soluble phosphorus. 

In Table I are shown results obtained on four samples of paper mill 
wastes and one sample of untreated domestic sewage. 


TasLe I.—B.O.D. Results of Wastes Low in Nitrogen and Phosphorus Compared to B.O.D. Results 
of Untreated Sewage Using Plain and Supplemented Bicarbonate Dilution Water. 





Results in Parts per Million 





| 
| 
| 
| 
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Paper Mitt WASTES 


























| | Plain 
Determinations Made | | | | ( sansa 
| Sulfite | : | Ground | Combined | Domestic 
nee Wood | Wood | Mill | Sewage 
| “ewer | White- | p ta | 
No. | Feltwater | Effluent | 
| 45310 | ee | No. 45312 | No. 45313 | 
B.0.D. Plain Bicarbonate Dilution | | | 
Se Or age ee | 24 | 37 | 29 | 22 217 
B.O.D. Supplemented Bicarbonate | | | | 
Dilition Water... .005 106 stawoe 6c | 50 | 156 | 82 | 102 | 221 
Ratio: | | | 
Supplemented B.O.D. | , | 
Se ads SA b szek 4.1 2.8 4.6 1.03 
Plain B.O.D. | 
Dilution ee ee ee ee | 12.8 12.8 12.8 | 328 77 
Factors Used|B...............0:. | 25.6 | 25.6 | 25.6 25.6 128 
Concen- | | 
tration of | Soluble Phosphate Phos- | | | 
PHOSPOOEUS| “SONOLUS...5 .6. 6.24426. - } 02 | 02 | 002 | O | 3.0 
and Nitro- | Total Phosphorus.......} 0.39 | .06 0.12 | 0.16 | 4.0 
genin | Free Ammonia Nitrogen .| 2.2 | O88 0.12 “20 | Tor 
wastes as | Total Organic Nitrogen. .| 3.0 | “330 0.5 | 1.0 | 16.5 
found. | 
| Soluble | | | | 
Phosphate | Dil. A .0016 .0016 .00016 0 0.039 
Cone. of | Phosphorus} — Dil. B 0008 0008 | .00008 | 0 0.023 
Pand N | Total | Dil. A 0304} 0048 0096 0125 0.052 
in B.O.D. | phosphorus | Dil. B 0152 0024 | .0048 0063 | 0.031 
mixtures | 
due to | Free | 
diluted | Ammonia Dil. A 0.172 | .014 .0094 0.156 0.178 
wastes | Nitrogen Dil. B 0.086 .007 .0047 | 0.078 0.114 
(caleulated)| Total Or- 
| ganic Ni- Dil. A 0.234 | 0.234 .04 .08 0.214 
trogen Dil. B 0.167 | 0.167 .02 .04 | 0.129 





It will be noted that the paper mill wastes are decidedly deficient 
in soluble phosphorus and low in total phosphorus, while in the domestic 
sewage there is an abundance of phosphorus and most of it is in the 
soluble phosphate form. Comparing the two B.O.D. results we see that 
the results on the untreated domestic sewage using the two dilution 
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waters are well within the limits of experimental error, while in each 
of the wastes deficient in phosphorus, the difference between the results 
using a supplemented water and a plain dilution water are very great. 
The supplemented water containing the added phosphorus and nitrogen 
gives results 2.1 and 4.6 times as great as those produced using plain 
dilution water. It is also to be noted that the calculated concentration 
of soluble phosphorus furnished by the paper mill wastes to the B.O.D. 
mixture is decidedly below 0.02 part per million, the concentration 
which we previously found necessary for active bacterial growth in 
using the available oxygen of about 6 parts per million. The nitrogen 
content of two of these wastes, nos. 45310 and 45313, when diluted in 
the B.O.D. mixtures, is not essentially different from that found in the 
B.O.D. mixtures of the sewage, but in the other two, nos. 45311 and 
45312, it will be seen that both are deficient in nitrogen, especially free 
ammonia. The deficiency of soluble phosphorus in all four of these 
wastes seems to be the restricting factor in the use of oxygen. 

In Table II the ratio between the B.O.D. on pea canning wastes and 
mixtures of this waste with sewage, using plain and supplemented bi- 
carbonate dilution water, approach unity very closely. 

The concentration of phosphorus in these wastes is also seen to ap- 
proach the minimal quantity of .02 part per million. Nitrogen ap- 
pears to be slightly deficient in some of the higher dilutions, but in no 
ease is this reflected in the B.O.D. result when using plain dilution 
water. Our work has not shown the absolute minimal quantities of 
these two elements that will suffice for a normal B.O.D. result, but we 
do feel that an adequate supply is furnished when there is .02 part per 
million of phosphorus and 0.2 to 0.5 part per million of nitrogen avail- 
able in the diluted B.O.D. mixture. The results in Table II seem te 
indicate that slightly less than these amounts will suffice in some eases, 
depending upon the availability of these elements from their organic 
compounds. 

In Table III are shown some apparently inconsistent results ob- 
tained at our laboratory by Mr. J. M. Holderby of the Wisconsin State 
Board of Health. These results were a part of a study to determine 
the feasiblity of treating paper mill wastes mixed with domestic sewage. 
All the results in this table were obtained using plain sodium bicarbon- 
ate dilution water. 

In item 3 of this table will be found the actual experimental results 
obtained when one of these paper mill wastes (black liquor) was mixed 
with domestic sewage. For the unsettled wastes the B.O.D. of the mix- 
ture was found to be 820. Now from item 1 and item 2 we should have 
481/2 + 280/2 = 380 as the B.O.D. of a mixture of equal parts of these 
two wastes. We now know that the black liquor was deficient in nitro- 
gen and phosphorus and the sewage carried a sufficient quota of these 
minerals. For this reason we believe the sewage result of 280 ppm. 
to be correct. On this basis if we subtract from the experimental re- 
sult of 820, item 3, the B.O.D. due to sewage, and multiply the re- 
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uch TasLe II.—B.0.D. Results on Pea Canning Waste Alone and Mixed with Settled Domestic Sewage 
its when Plain and Supplemented Dilution Waters Were Used 
at, 2 
ren 7 Mixed Mixed 
ti Untreated | Aerated | settled | Filter Eff. | Sec. Eff. 
on Pred ae pil Domestic | Pea Waste | Pea Waste 
D wane aaa Sewage _and and 
‘aie po areas aa No. 46873 | Sewage Sewage 
on No 46871 No. 46872 No. 46874 No. 46875 
In — ——— —_——— 
en B.O.D. Plain Bicarbonate Dilution 
in UE, 12) Cao RO eR ae 940 850 121 271 267 
he B.O.D. Supplemented Bicarbon- 
ate Dilution Water............ 893 925 129 297 265 
nd Ratio: 
oh —— 0.95 1.08 1.06 1.09 0.99 
se Plain B.O.D. 
oe eee eee 770 770 96 192 192 
nd |) rer 257 192 64 77 77 
al Concen- | Soluble Phosphate 
tration of | Phosphorus......... 25 2.0 2.0 3.5 4.5 
p- Phos- | Total Phosphorus... . 8.0 8.0 5.0 5.0 5.0 
p- phorus and} Free Ammonia 
n0 Nitrogen | Nitrogen............ 10.2 4.8 12:7 12:2 12:7 
in wastes | Total Organic 
- as found. | Nitrogen............ 52.0 60.5 13.0 17.5 12.5 
®) ae fae | ME mat = 
ve 
oy Concen- | Soluble | 
a tration of | Phosphate Dil. A 0.0032 0.0026 0.0208 0.0182 0.0234 
Phos- | Phosphorus} Dil. B 0.0096 0.0104 0.0313 0.0455 0.0585 
te phorus and ; 
s, Nitrogen | Total Dil. A | 0.0104 | 0.0104 0.0522 | 0.026 0.026 
. “1 B.O D, | Phosphorus} Dil. B | 0.0312 | 0.0416 0.0782 | 0.065 0.065 
mixtures | Pree 
4 due to | Ammonia | Dil. A | 0.0132 | 0.00623 | 0.1324 | 0.0635 | 0.0662 
| diluted | Nitrogen | Dil.B | 0.0396 | 0.02492 | 0.1984 | 0.158 0.165 
eC wastes 
1e (caleu- | Total 
a, lated) Organic Dil. A 0.0675 0.0785 0.1355 0.0913 0.065 
" Nitrogen Dil. B 0.2025 0.3140 0.2035 0.227 0.1625 
: Tas_eE III.—5-day B.O.D. Results on Separate and Mixed Wastes using Plain Bicarbonate Dilution 
d Water 
€ Five-Day B.O.D. as found 
e Results in parts per million 
= Kind of Waste or Mixture Unsettled Settled 
e 1. Black Liquor Waste (Pulp Mill)..................eceeeeeeeees 481 433 
. EPO HURT O CUREZONE ict foto or stois ehatreie ssa iev ara as lniava ela aye ois cielsloeivion’ 280 117 
- 3. Mixture of equal parts of Black Liquor 
BH OME RUIC SO WA i oais Ne ie soe a isinke view Siweae es emeeeee 820 646 
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mainder by 2 we get 1360 as the B.O.D. of the black liquor rather than 
the 481 with plain bicarbonate dilution water. The B.O.D. of this 
sample of black liquor, using supplemented dilution water, was found 
to be 1450 p.p.m. Ina similar manner the 5-day B.O.D. of the settled 
black liquor was found to be 1175 instead of 4383, the result obtained 
using plain bicarbonate dilution water. 

Our tables I and IT show that the supplemented dilution water does 
not increase the B.O.D. of wastes if they contain requisite quantities 
of phosphorus and nitrogen. We are glad to have confirmation of this 
finding in results kindly furnished by Dr. W. D. Hatfield, Superin- 
tendent of Sanitary District of Decatur, Illinois. In Table IV are 
shown his values for biochemical oxygen demand on settled sewage and 
final oxidized effluent using both the plain and supplemented bicarbon- 
ate dilution waters. 

It will be noted from his results that while there is a slightly greater 
B.O.D. using the supplemented water that the difference is negligible 
because, as Dr. Hatfield expressed it, ‘‘at least with our sewage the 
necessary elements are added to the standard bicarbonate dilution 
water by the sewage itself.’’ We wish in this connection to make it 
distinctly clear that we are not advocating the addition of supplement- 
ary mineral salts to the bicarbonate dilution water because we expect to 
get a higher or different result with domestic sewage and tts effluents, 
but because we want to have used generally a dilution water which will 
measure the biochemical oxygen demand of all wastes by the same yard- 
stick under identical growth conditions regardless of the kind of waste 
tested. Stream waters reported in the literature contain sufficient 
phosphorus and nitrogen for optimal oxidation of these wastes deficient 
in nitrogen and phosphorus. Our analysis of samples collected by 
Sanitary Engineering Department of Wisconsin State Board of Health, 
under direction of Mr. Warrick, taken at twelve stations on the Baraboo 
River, during the past summer (1936) have shown from .02 to 0.32 parts 
per million of soluble phosphate phosphorus. 

In Table V are shown the phosphorus and nitrogen content of vari- 
ous stream waters in Wisconsin which receive pulp and paper mill 
waste. These waters are rather representative of the natural waters 
in the state. It will be noted that these receiving waters carry an ade- 
quate supplement of both phosphorus and nitrogen. 

It is only logical that these wastes deficient in the mineral con- 
stituents of phosphorus and nitrogen be subjected to the same growth 
and mineral conditions in the testing procedure as they will meet in 
the stream which receives them if we are to know their oxvgen demand 
on that stream. /t is only under such testing conditions that one waste 
can be compared with another and that sewer rental laws can be ap- 

plied with justice. 
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TaBLE IV.—Dr. Hatfield’s Results on Settled Sewage and Final Secondary Settled Effluent 


BIOCHEMICAL OXYGEN DEMAND 


Results in parts per million 


Settled Sewage 3 and 4 per cent 


dilution used 





Date S-day | 5 day B.O.D. | | 
985 sing Plain | «Using | Difference | 
Dinasloneaate Supplemented) in P.P.M. 
Dilution Dilution B.O.D. 
Water 
Water 
July 3 
4 
5 
6 191 197 6 
7 153 189 36 
8 119 | 123 4 
9 127 | 142 15 
10 | 96 93 —3 
11 62 73 | 11 
12 142 160 | 18 
13 114 127 | 13 
14 sons Bl Cag ROME Bs area ns. ‘avicetetiace: ciieratl 
15 152 156 | 2 
16 | 154 156 2 
17 156 166 10 
18 141 | 148 7 
19 86 | 90 4 
20 85 90 5 
21 DOO SUE OSS, (11 Ay Bee ee (ana Neto oe ea 
22 110 120 | 10 
23 127 150 | 23 
24 152 166 | 14 
25 94 100 6 
26 92 103 11 
27 104 112 8 
28 126 128 2 
29 116 123 7 
30 141 152 il 
31 | 146 162 16 
| | 
\ug. 1 152 | 156 | 4 
2 92 | 97 | 5 
3 192 | 193 | 1 
4 144 148 4 
5 128 136 8 
6 166 160 ~~ 
7 186 189 | 3 
8 142 153 | 11 
9 161 179 18 
10 159 166 7 
11 166 179 13 
12 189 206 17 
13 117 120 3 
ora 4988 5185 197 
\VERAGE 
Day.....| 135 | 140.5 | 5.5 
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Final Effluent 10 per cent 


5-day 


BOLD: 


| Using Plai 
| Bicarbonate 


Dilution 
Water 
21 


a 


é 


24 

16 

12 

7 

12 
a 
17 
40 
20 
16 

-— 
30 
30 
18 
18 
41 
16 
31 
24 

12 

~ 16— 

13 

21 

12 
20 


17 


n | 


14 


dilution used 


| 5-day B.O.D. | 














Using | Difference 
Supplemented| in P.P.M. 
Dilution B.O.D. 

Water 
. | =a 
12 | 5 
15 1 
33 9 
19 3 
10 |} —2 
10 | 3 
19 | 7 

7 | —8 
24 | 7 
38 | 
32 | 12 
18 2 
29 | 1 
29 _ 
32 | 2 
18 | 0 
22 4 
43 2 
16 0 
30 | —1 
28 4 
1S 3 
19 3 
14 1 
21 0 
16 | 4 
20 | 0 
19 2 
22 2 
13 | 4 
21 — | 
ae 
25 2 
19 | 0 
20 4 
14 | 1 
30 | 4 
22 | 2 
20 | I 
28 | 1 
12 1 

890 88 
21.2 | 2.1 





Per Cent DirfBRBNGR 02 2-6 6.0.68 sisienes e's 4% 
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TaBLeE V.—Phosphorus and Nitrogen Content of Wisconsin Stream Waters 





Jan., 1937 








Name of River-sampling Point 





| Phosphorus | 


| 
| 
! 


Chippewa River (Chippewa Falls) | 


Above Wissota Dam......... 


Chippewa River (Eau Claire) At | 


Shawtown Bridge........... 
Chippewa River (Eau Claire) 
Above dam-above Eau Claire. 
Fox River (Green Bay) At G. B. 
and W. Srid@e..............: 
Menomonee River (Marinette) At 
Main St. Bridge, Menomonee 
Wisconsin River (Mosinee) Above. 


Fox River (Neenah) Above Neenah 
Wisconsin River (Nekoosa) Above. 


LUT a ee 
Menomonee River (Niagara) Above 

Ne ee eee ee 
Flambeau River (Park Falls) Above 

ONS ee 


First Dam Below City 


Peshtigo River (Peshtigo) Below 


AULD ee hie ose ooeo 504s 
Wisconsin River (Rhinelander 
Atove am..:.....:....... 
Wisconsin River (Rhinelander 
First Bridge Below City. . . 
Wisconsin River (Stevens Point 
Below City 





Soluble 
Phosphate | 


Results in parts per million 





0.04 


0.06 


0.06 


0.04 


0.03 


0.02 
0.15 


0.02 


0.06 


0.04 


0.02 


0.02 


0.04 


0.05 


0.02 


Tota 


Phosphorus 


0.04 


0.06 


0.10 


0.05 


0.05 


0.22 
0.18 


0.10 


0.06 


0.04 


0.08 


0.04 


0.05 


0.13 


0.15 


REFERENCES 


] 


1 


| 


Nitrogen as 


Pc | Organic 
0.23 | 0.28 
0.36 | 0.19 
0.19 | 0.31 
0.46 | 0.19 
0.14 | 0.54 
0.63 | 0.68 
0.90 | 041 
0.26 | 0.77 
0.52 0.43 
0.18 | 0.52 
0.27 | 0.27 
0.22 | 0.64 
0.29 | 0.45 
0.19 | 0.55 

| 0.64 


Total 


0.65 


0.68 


— 


31 
1.31 


1.03 


0.95 


0.70 


0.54 


1. Wm. L. Lea and M. Starr Nichols, ‘‘Influence of Substrate on Biochemical Oxygen De- 
mand,’’ This Journal, 8, 435-447 (May 1936). 

2. W. R. G. Atkins, ‘‘The Phosphate Content of Fresh and Salt Waters in Its Relationship 
to the Growth of Algal Plankton,’’ Journal Marine Biolog. Assoc., England, 138, 119 
(1923). (Method on p. 144.) 























Plant Operation 


COMPARISON OF SEWAGE PURIFICATION BY COM- 
PRESSED AIR AND MECHANICALLY AERATED 
ACTIVATED SLUDGE * 


By G. M. Rmenovur anp C. N. HENDERSON 


Research Engineer and Laboratory Assistant, Division of Water and Sewage Research 
III. Discusston or Resuuts AnD Oprnions 


In the first sections *** of this paper, results were given to show 
comparative purification efficiencies and operating costs of mechanical 
aeration by brushes compared with spiral circulation by compressed 
air. In view of the many divergent opinions cited in the literature on 
the subject, it is thought to be of interest to discuss these results in the 
light of previous findings, and also in relation to some of the more 
specific factors, such as the major source of oxygen absorption and core 
formation. For this purpose the results have been divided into the 
following topies: (a) oxygen absorption from bubbles versus surface 
absorption, (b) power consumption, (c) capital cost, (d) purification, 
(e) eore formation, and (f) settling characteristics of activated sludge 
floe. 


OxyGen ABSORPTION FROM BusBpBLES VERSUS SURFACE 


The question which probably has aroused the greatest interest, and 
which is of fundamental importance in determining which type of aera- 
tion is the most economical and efficient, is whether more oxygen is 
absorbed from air bubbles rising through the liquid than is absorbed 
from the atmosphere at the liquid surface of the aerator. 

Investigators have expressed different opinions on this question. 
Fowler and Chaterjee ° concede that aeration occurs at the upper liquid 
surface when the bubble breaks, but their laboratory results indicated 
that most oxygen was absorbed from ascending air bubbles. Scouller 
and Watson ** go further and say that ‘‘oxygen requirements of acti- 
vated sludge plants are so large they cannot be satisfied by surface 
aeration. Oxygen absorbed per square meter of bubble surface per 
24 hours is three times the amount absorbed through an exposed sur- 
face.’? On the other hand several investigators believe the contrary 
to be true. Hayworth” states ‘‘experiments indicate the bulk of oxy- 
gen solution occurs at disturbed and changing surfaces and not directly 
from bubbles.’’ Buswell*® states that the oxygen film at the water 
surface is very important and * he has reported that sewage sludge can 
be activated without compressed air agitation. Buswell, Shive, and 

* Journal Series Paper N. J. Agricultural Experiment Station, New Brunswick, N. J., 
Division Water and Sewage Research. (For first two papers of this series, see This Journal, 
_ Vol. VIII, pp. 766 (September) and 924 (November), 1936. 
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Neave * state ‘‘in compressed air the rising air bubbles are effective 
only on the thin film around them. Mechanical agitation breaks up the 
air-saturated films and replaces them by new surfaces.”’ 

Kessener and Ribbius** indicate from their experiments that in 
clean water a compressed air installation gives a rate of oxygen supply 
about four times greater than surface aeration. But with sewage this 
‘ate drops to an amount hardly any higher than surface aeration. <A 
possible explanation is that sewage colloids cover the air bubbles in a 
diffused air plant. Dallyn and DelaPorte* conelude that ‘‘agitation in 
absorbing oxygen from air accounts for only a fraction of the oxygen 
supply, about 25 per cent coming from air used for agitation and 45.6 
per cent from surface absorption.”’ 

The results presented in previous sections of this paper show quite 
conclusively that the contentions of some of the authors cited are en- 
tirely out of line with the facts found in this investigation. The state- 
ment of Scouller and Watson that surface aeration cannot support the 
oxygen requirements by one-third of the amount required is definitely 
not substantiated. The results of this study show that surface aera- 
tion will not only provide adequate oxygenation for good purification 
but will supply more oxygen to the aerators at a lower cost than with 
a diffused air installation. Our results also fail to support the views 
of Fowler and Chatterjee that ‘‘most aeration takes place from ascend- 
ing air bubbles.’’ If this were the case compressed air would be su- 
perior to mechanical circulation in a spiral cireulation plant by 
absorption of oxygen not only from ascending air bubbles but also 
from the surface. This is not supported by the results of this investi- 
gation. On the contrary, the data show that more oxygen was ab- 
sorbed from the atmosphere than from the rising bubbles. This is con- 
firmed by the fact that the brush aerators provided a greater supply 
of dissolved oxygen to the tank under all conditions of operation with 
less power consumption than the compressed air. 


PowrEr CoNSUMPTION 


Power consumption by the aerating devices is of predominant im- 
portance in comparison of aeration systems. Cost of power constitutes 
a major part of the total cost of operation of an activated sludge plant. 
The majority of reports to date indicate that aeration by mechanical 
devices is a cheaper method of aeration than compressed air. Bolton * 
reported a consumption of 15 H. P. per million gallons of sewage 
‘‘which was considerably less than the power consumption for com- 
pressed air at that time.’’ Peck*® claimed that ‘‘mechanical devices 
for aeration were low in power consumption.’’ Butler and Coste ° 
concluded that the most efficient form of aeration was mechanical ap- 
paratus with separate reaeration of diffused air tanks. Heyworth? 
found that ‘‘it is more economical to produce surface agitation with 
paddles or screws than with diffused air.’’ Stanley *° coneluded that 
power costs are about the same for each type. Sanford,’ however, 
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claimed that air blowing is more economical in every way. Most of 
{hese opinions, however, were based upon comparisons of costs between 
plants in different locations which were not operating under identical 
conditions with respect to sewage flow rates, character of sewage, de- 
tention periods, method of operation, and equal purification results. 
Consequently the results would not be directly comparable, and definite 
conelusions as to relative power savings could not be given because of 
the effect of these variable factors. 

The results of our investigation, which was conducted under prac- 
tically identical conditions of design and operation, showed quite defi- 
nitely that mechanical aeration by means of brushes was cheaper in 
power cost than diffused air for equal purification results. The 
average results over a six-month period, with equal purification of sew- 
age, showed power consumption by the brushes to be at least 18 per cent 
less than for the air-diffusion unit for the minimum degree of purifica- 
tion and 22 per cent less for the maximum degree of purification. 
Moreover, greater residual dissolved oxygen was maintained in the 
brush aerators in both instances, showing that with equal residual dis- 
solved oxygen in the tanks the power consumption for the brushes 
related to compressed air would be even less than the figures shown. 

It is also difficult to correlate these results with the conclusions of 
Besselievre and Sierp. Sierp*® coneludes that ‘‘air is utilized most 
efficiently by using paddles in combination with compressed air.’’ 
Besselievre’? states that ‘‘the cost of compressing air is 35 to 50 per 
cent of the total operation cost, of which only 5 to 10 per cent is used 
for oxidation.’’ On this basis he concluded that a combination of air 
and stirring reduces the cost. 

If 90 to 95 per cent of the power consumed is used for agitation and 
circulation and only 5 to 10 per cent for oxidation of sewage and sup- 
port of biological life in the sludge floc, the major work of the aerating 
device is spent for the mechanical purpose of circulating and mixing. 
[f the mechanical type of aeration is the most efficient for 90 to 95 per 
cent of the work and at the same time will provide sufficient oxygen, as 
shown by these and other investigations, to support the biological ac- 
tivities, it is difficult to see why greater efficiency can be gained by com- 
bining mechanical devices with a greater efficiency and compressed 
air diffusion of lesser efficiency. 


CaprraL Cost 


Reports on cost of construction of mechanical versus diffused air 
activated sludge plants have varied. An editorial in 1922 in the Mu- 
nicipal Engineer and Sanitary Record * states that ‘‘the capital cost of 
installation favors mechanical agitation rather than diffused air.’’ 
Sanford’ in the same year took exception to this statement, saying 
that air blowing is more economical in every respect. As late as 1929, 
the New York Board of Estimate Committee * reported that ‘‘surface 
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agitation requires shallow tanks and large area, hence construction 
costs would be higher.’’ 

The data in our investigation show that (a) the difference in cost of 
actual aerator construction including aerating devices is negligible, 
amounting to only a fraction of a per cent of the total plant cost; (b) 
the statement ‘‘surface aeration requires shallow tanks and large 
area’’ is not substantiated. The studies have shown that more dis- 
solved oxygen can be maintained in the aerators with brushes than with 
air, in exactly the same size tanks, with lower power consumption. 
This is further confirmed by Kessener and Ribbius,’? who show that 
for equal conditions of temperature and oxygen deficiency the oxygena- 
tion capacity of an aerator is directly proportional to the equivalent 
aeration area (area/volume) for either type of aeration. This means 
that if the exposed surface aera can be changed with mechanical devices 
a sufficient number of times to be equal to the equivalent surface area 
of a diffused air plant at the same power cost, then the size of the tank 
is not a factor. These investigations confirm this, in that the brushes 
produced a larger relative surface area at lower power costs in the 
same size tank. 

From the standpoint of total plant construction cost, however, 
where sludge digestion and sand bed drying are to be included, it is 
apparent that the cost of plant construction would be larger for the 
brush type of aeration. This increased capital cost for the brushes 
would be due to the higher moisture content of the activated sludge, 
requiring greater capacities principally in settling tanks and digestion 
tanks. 

PURIFICATION 

The only reference found by the authors in the literature dealing 
in a specific manner with comparative purification of mechanical and 
compressed air aeration was that of Peck,’® who claimed that the 
‘‘violent agitation produced by means of mechanical devices is destruc- 
tive to some organisms and tends to produce increased turbidity.”’ 
Makepeace * ‘‘confirmed the belief that eighty per cent of the purifica- 
tion is effected in two hours by diffused air, mechanical devices being 
more efficient for complete treatment.’’ 

The studies in this investigation confirm the findings of Peck, within 
certain limits, with respect to increased turbidity by mechanical area- 
tion devices. With higher concentrations of activated sludge solids 
(above 3,000 p.p.m.) this does not hold. But below 3,000 p.p.m., in- 
creased turbidity of the effluent was found to occur in more or less a 
straight line ratio with decreasing amounts of activated sludge. Ex- 
cept for the difference in suspended solids removal, the purification was 
practically identical with each aerator. The claim of Makepeace that 
‘eighty per cent of the purification is effected in two hours by diffused 
air’’ implies that a similar reduction could not occur with mechanical 
devices. The results of this investigation show that the rate of puri- 
fication by brushes and compressed air was equal in all respects, with 
the exception of suspended solids removal. 
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CorE ForMATION 


Core formation, if existing in an aeration tank, influences either the 
quality of the plant effluent or the power consumption or both. The 
effect of a center ‘‘eore’’ of liquid moving forward longitudinally in 
the aerator is to produce improper mixing of activated solids and sew- 
age and improper mixing of air with the solids and sewage. The net 
result of this action, if present to great extent, is either to reduce the 
quality of the effluent with a given power consumption or to create the 
necessity for greater power consumption for equal quality of effluent. 
‘Transverse mechanical aerating devices and spiral flow compressed 
air installations are theoretically particularly suited to this ‘‘eore”’ 
action by virtue of their principle of operation. The force of action of 
the mechanical aerators is confined to a small layer of liquid at the sur- 
face of the tank, which creates a tendency to produce maximum veloci- 
ties in the peripheral layers of the rotating liquid with diminishing 
velocities toward the center of the tank. Spiral circulation compressed 
air installations theoretically should give a similar action. The more 
hydraulically perfect the installation is for efficient circulation, the 
ereater the theoretical tendency should be for short-circuiting by ‘‘core 
action.’’ 

Our investigations showed that the distribution of velocities of cir- 
culation with both types of aeration produced a tendency for core 
formation. The higher circumferential velocity is marked in both 
cases by a gradual decrease in velocity from the outer layers to a mini- 
mum velocity somewhere near the center of the tank. This is illus- 
trated very clearly by a cross-sectional comparison between the average 
velocities in the outer third with the average velocities in the middle 
third. If the data are compiled in this manner the following relation- 
ship is shown: 

Av. Outer velocity 


FP: Ratio: Ay. Middle velocity 
at | eee ete eee TRA Re 4.2 3.45 
PY mans. cc lt un caterers ate ieee ys 7.8 3.94 
os | OME ENATRCRR CT RESTORE RTE 11.5 3.85 
SIRHEG! edn ys, oo eee aha 4.0 7.6 
IS RURUON? coverdee os haat eee 7.0 9.3 
PRI icc -e sce eniarels 10.0 12.2 


These figures show that the tendency for core formation exists in 
hoth aerators. It is more pronounced with brushes than with com- 
pressed air. The tabulation also shows that the tendency for core 
formation with the brushes is more pronounced with increasing veloci- 
ties and applied power. The ratio for the brushes increased by over 
60 per cent with increase in applied power from 4.0 H.P. to 10.0 H.P.; 
the ratio of the velocities with compressed air increased only a little 
over 11 per cent for practically the same range of power increase. 
This latter fact would indicate more lateral diffusion of the air bubbles 
with increasing air and applied power which results in more uniform 
distribution of velocities and less tendency for core formation with the 
compressed air. 
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The previous data on circulation velocities indicate that core forma- 
tion in the brush aerators was more noticeable than in compressed air 
tanks, and therefore distribution of dissolved oxygen with the brush 
aerators was less uniform than with compressed air. The data on dis 
solved oxygen distribution in the aerators, obtained coincidentally with 
the velocity measurements, show, however, a different picture. The 
residual dissolved oxygen content at all points in the same vertical 
plane is almost identical for the brush type of aeration, but for the 
compressed air there is a decided tendency for a ‘‘core’’ effect. The 
dissolved oxygen in the middle of the compressed air tank was con- 
sistently lower than at the circumference. This deviation amounted to 
a maximum of 77 per cent. These results seem paradoxical in nature 
in that the type of aeration with the most pronounced stratification of 
velocities gave greatest uniformity of dissolved oxygen distribution 
The explanation for this anomaly apparently lies in the presence of 
eddies or turbulence of the liquid coincident with the main direction of 
the rotation velocities. This condition of turbulence would necessarily 
accompany high differentials between stratification velocities. Kes- 
sener ™* reached a similar conclusion in salt tests on short-cireuiting of 
aeration tanks. His conclusions were that with the brush type of 
aeration (a) there is no danger of absolute short-cireuiting and (b) 
mixing is very strong. His explanation was that the thorough mixing 
of the tank contents was due to the rapid movement of one part of the 
water being compensated for by the slower movement of another part, 
giving the effect of ‘‘relative short-cireuiting’’ or mixing. 


SETTLEABILITY OF SLUDGE F'Loc 


One of the most outstanding differences in results from the two types 
of aeration lies in the settling characteristics of the activated sludge 
floc. The authors have been unable to find any reference in the litera- 
ture to this factor in comparison of the relative merits of different 
types of aeration. This lack of data has been apparently due to the 
difficulty of comparing data due to varying characteristics of sewage 
and operation at different plants. 

The principal effect of this difference in settling and compacting 
value of the sludge floe would apply to the capacities of certain plant 
units. 

The units which are particularly affected are the final settling tanks 
and the sludge digestion tanks, especially in the absence of any con- 
centration facilities. 

The differences in solids content of 300 per cent found in this in- 
stance between the brush and compressed air sludge, or 0.26 per cent 
and 0.77 per cent, respectively, have required from 50 to 75 per cent 
greater sludge digestion capacity for the less dense sludge when fed 
directly to the digestion tanks. When the sludge is wasted through 
preliminary settling tanks, or concentration tanks, the additional ca- 
pacity required is somewhat less, but is still an important item. 

With respect to the final settling tanks, the effect of the decreased 
density of the sludge floc is more or less proportional. The capacity 






































Vol. 9, No. 1 SEWAGE PURIFICATION 47 





of the settling tanks is theoretically cut down in direct proportion to 
the additional volume occupied by the sludge when settled to the maxi- 
mum concentrated amount in a length of time equal to the detention 
period. To allow equivalent settling time and flow-through area for 
the two activated sludge floes the volume of the settling tank must be 
increased for the less dense sludge. Or, if the size of the settling tank 
is to be maintained the same, the rate of sludge removed must be in- 
creased to compensate for the difference in volume occupied by the 
sludge. By this latter operation an increase in capacity of the aerators 
is required to maintain an equal aeration period with the increased 
volume of sludge return. The latter alternative is also limited by the 
rate of settling of the activated sludge to the final compacted value. 
If the rate of settling of the floe of higher moisture content is slower, 
then additional settling capacity is required in addition to the higher 
rates of sludge removal. In the case of the plant used in these studies, 
it was found by experience that to compensate for the lighter quality 
of the floe found by the brush aerators, the final settling tank had to 
provide from 2 to 2% hours detention period to prevent sludge floc 
from being scoured over the final settling tank weir, as against from 1] 
to 1% hours for the compressed air floc. In addition, the rate of return 
sludge had to be increased with the use of the brush aerators by from 
§ to 10 per cent over the rate used with the compressed air. 

From the foregoing discussion it appears that the applicability of 
each type of aeration is specific, depending upon the operating con- 
ditions. 

Where power operation costs are of paramount importance the 
brush type of aeration is the best by reason of the lower power con- 
sumption. 

Where sludge digestion and sand bed drying are to be provided for 
the waste activated sludge, the compressed air installation will allow 
cheaper total capital cost of the plant by virtue of the lower capacities 
required in sludge digestion tanks and sand drying beds. 

Where both operation costs and capital costs are of importance, the 
increased cost of construction of a brush aeration plant should be bal- 
anced against its lower cost of operation. 

Circumstances where the brush type of aeration would be superior, 
by virtue of lesser power costs would be: 


(a) In simple aeration, 
(b) With standby or auxiliary aeration facilities, 
(c) Where volume of sludge handled is not of importance. 


GENERAL SUMMARY 


From data and experiences obtained with mechanical aeration by 
brushes and compressed air aeration with porous tubes it is apparent 
that a single broad statement of the comparative merits of the two 
tvpes cannot be made. Each type possesses certain advantages for 
one situation which may be offset by accompanying disadvantages for 
another. 
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From the standpoint of purification, the results were approximately 
equal with respect to both degree and rate of purification with the use 
of high concentrations of activated sludge solids. With lower amounts 
of solids the purification results were likewise equal, with the exception 
of suspended solids removal. The suspended solids content of the 
effluent from the brush aerator was greater than that of the effluent 
from the compressed air tank, with the use of lower amounts of acti- 
vated sludge solids. With activated solids at approximately 3,000 
p.p.m., the percentage suspended solids removal from the settled sewage 
was the same for the compressed air and the brushes. However, with 
activated solids below 3,000 p.p.m. the difference in suspended solids 
removal between the two aerators increased as nearly a straight line 
function to the decrease in amount of activated solids, until at 1,200 
p.p.m. the suspended solids removal on the basis of the settled sewage 
was 73 per cent for the air and only 56 per cent for the brushes, or a 
difference of 17 per cent removal efficiency. All other indicies of puri- 
fication such as B.O.D. and NH;-reduction and nitrate formation were 
the same for each type of aeration under all equivalent conditions of 
operation. 

The most striking difference in operating characteristics of the two 
types of aeration was found to be in the settleability of the activated 
sludge floc. With the use of compressed air, the settleability of the 
activated floc was three times as great as the settleability of sludge 
formed with the brushes. This is of particular importance since the 
activated sludge must be treated in auxiliary units and the capacities 
of the units are thereby affected by the volume occupied by the sludge. 

Average circulation velocities were approximately the same for 
each type of aeration with equal power consumption, but surface and 
bottom velocities were higher for the brush type of aeration. The 
difference in velocity of circulation at the surface was reflected in more 
economical oxygen supply to the aerator. Under equal conditions of 
operation the brushes supplied nearly 100 per cent more residual dis- 
solved oxygen to the tanks than did the air, with the same power con- 
sumption. In addition, the distribution of dissolved oxygen was very 
uniform with the brushes as compared with a tendency for core forma- 
tion with the porous tubes. 

From the standpoint of operating cost of purification the data 
showed mechanical aeration by brushes to be the more economical. 
On the basis of average conditions of operation and equal purification 
of sewage throughout the year, it was found that power consumption 
was from 18 to 22 per cent less with brushes than with compressed air. 

Operating superintendance was the same for each type of aeration. 
Labor cost of aerator attendance was also approximately the same. 
Because of the lighter sludge floc formed by the brush aerator a slightly 
increased cost of waste sludge disposal can be expected for equal 
results, due to the increased volume of sludge. 

The capital cost of aerator construction was approximately the 
same for either type of aeration. The difference in cost of apparatus 
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for application of the air to the sewage was only a fraction of a per 
cent of the total plant cost. This difference in capital cost might be 
extended, however, to a major amount by necessity for increased capac- 
ity in other plant units due to the lighter sludge formed with the brush 
aeration. The more voluminous sludge requires greater final settling 
tank eapacity, greater capacity of sludge return equipment, larger 
sludge digestion tanks, and more sludge drying bed area. The extent 
of this additional cost would be difficult to estimate for general applica- 
tion because of difference in character of sewage, method of operation, 
facilities for concentration of the sludge, ete., but experiences at this 
plant would dictate that at least 50 per cent greater sludge digestion, 
sludge return, and sludge drying bed capacity would be required for 
the lighter sludge of the mechanical brush aerators. Also for the final 
settling tank a detention period of at least 2% hours is required. 

The applicability of the two types of aeration depends upon the 
nature of operating conditions. 

Where power costs are of importance the mechanical aeration by 
brushes is the best by reason of lesser power consumption. 

Where both operation costs and capital costs are of importance, 
the increased cost of plant construction due to larger capacities re- 
quired for digestion tanks, sand drying beds and final settling tanks 
for the brush type of aeration should be balanced against the decreased 
cost of plant operation. 

Circumstances where the brush type of aeration would be superior, 
by virtue of lesser power costs would be: 

(a) In simple aeration, 

(b) With standby or auxiliary aeration facilities, 

(c) Where volume of sludge handled is not of usual importance. 
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TRICKLING FILTER LOADINGS * 
By G. Aspro Hau 


Superintendent, Sewage Treatment Works, Norwalk, Ohio 


Trickling filters have established an enviable reputation for service 
in the field of sewage treatment. Regardless of the extremes of their 
loadings they have given commendable service. 

During the vears of operation the design loadings have covered a 
wide range and there is still a marked difference of opinion as to their 
limits. This study has been made to investigate operating loadings 
in Ohio. 

Sewace anp Loapina Expressions 

The volume of sewage treated in relation to population served varies 
widely and affects the purification results. Likewise, the strength of 
sewage varies with the water consumption and the industrial load. It 
is necessary to take account of these differences and list them as load- 
ings expressed on a basis of population, flow and strength. 

The number of persons per acre foot has been a common measure 
of loading for trickling filters but this measure of loading does not 
take into consideration the strength of industrial wastes. 

Gallons per acre or per acre foot has an important place in trickling 
filter loadings. To date the true hydraulic limits of dosing a filter 
have not been definitely settled. 

Pounds of oxygen demand per acre foot or per 1000 cu. ft. measures 
the effect of industrial with sanitary wastes. This measure of oxida- 
tion required to stabilize the sewage, as determined by the 5-day B.O.D. 
affords an opportunity for dependable comparison of loadings. 

Using these three expressions of loadings, tables are presented here 
for several Ohio sewage plants. Yearly average figures are used, as 
time limits the examination of monthly and seasonal variations. 


Factors AFFECTING PURIFICATION 

The factors which affect the performance of trickling filters are: the 
size, character and depth of media; the temperature of the air and 
sewage; the strength and volume of the applied flow; the ventilation 
and cleanliness of media; the method of distribution; and seasonal 
variations. Although there is considerable difference of opinion as 
to the relative influence of these factors, it appears that distribution, 
volume of application and ventilation afford the greatest possibility 
for increased effectiveness. 

MoptiricaTIons oF FILTRATION 

Modifications of the conventional process of filtration have appeared 
and must be considered. They are: recirculation of filter effluent; re- 

* Presented before the Tenth Annual Ohio Conference on Sewage Treatment, Columbus, 
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circulation of filtered solids (from the secondary tanks); addition of 
chemicals; and pre-aeraticn of the applied sewage. While the avail- 
able data on these modifications are limited in Ohio, they must not 
go untried for they offer possibilities in the control of flies, odors and 
other objectionable adjuncts of the trickling filter, to say nothing of 
their effects upon loadings. 

In Table I are given the essential design data for the trickling filters 
considered in this study. As has been previously noted, there is a 
difference of over 100 per cent between the extremes, both on gallonage 
and population. 


TaBLeE I.—Designed Loadings for Trickling Filters of Selected Ohio Sewage Treatment Works 
| | J ss 

> | | | sage 
Total | Pop. | Pop. Pop./ | Des. | Dos. Dosage 


Total | 


City Area | Av. | Acre I ye- | Per | Acre | Flow |m.g.d. m.g.d./ 
Acres | Depth! Feet signed Acre | Foot |m.g.d.| Acre Acre 
for f te 
PPO oie. cis. ies «| LO | 10’ 140 260,000 | 18,600 | 1,860 | 33.0 Zao 0.235 
BANOS. 3 oss kiss ss) AZO Oe | 12.6 36,000 | 28,600 | 2,860 5.4 | 4.3 0.43 
CE RTOONN 5 sl. a chee Sess | 6.75 | ae | 47.25 | 135,000 | 20,000 | 2,857 | 18.5 | 2.0 | 0.286 
Cleveland, Southerly...| 6.0 10’ | 60 240,000 | 40,000 | 4,000 | 24.0 4.0 0.400 
Delaware........ | 0.55 | 8 | 44 | 14,500 | 26,300 | 3,300 | 1.45 | 2.63 | 0.33 
Fostoria........ . 0.82 | 7.2’ | 5.91} 15,000} 18,300 | 2,540 2.0 2.44 0.34 
MATION, oc sis shines 1.4 10’ | 14.0 40,000 | 28,600 | 2,850 41.0 2.85 | 0.285 
Norwalk..............| 0.394] 8’ | 3.15] 8,000] 20,300 | 2,540! 1.0 | 2.54 | 0.317 


In Table II and III are listed the operation data for the past five- 
vear period, covering year round performance except where otherwise 
noted. 

In Table IV plant efficiencies together with filter efficiencies are tab- 
ulated. The reduction in suspended solids, 5-day B.O.D., free ammonia 
and organie nitrogen are listed. 


Discussion 


The data obtained from these plants show that the effectiveness 
varies inversely to the strength and quantity of the sewage applied. 
An increase in filter loading in lb. B.O.D. per 1000 eu. ft., together with 
a conventionally high dosage as M.G.D./acre-foot, cause a decrease in 
efficiency. While these trickling filters were designed for flows of 
2 M.G.D./acre or 0.3 to 0.4 M.G.D./acre-foot, in most cases it appears 
that those favored by lesser flows and also B.O.D. loads under 5 Ib./1000 
cu. ft. produce the best results. The filter effluents must be judged 
along with the filter efficiencies for there are cases where the sewage 
strength favors higher efficiencies but with production of an inferior 
effluent. Filter effluents having a 5-day B.O.D. less than 40 p.p.m., with 
a dissolved oxygen of 4 or more p.p.m. and with several parts of ni- 
trites and nitrates, will prove stable under most conditions when given 
final sedimentation, plus chlorination, if no dilution is afforded. 
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TaBLE II.—Operation Data for Ohio Sewage Treatment Plants During Period 1931-1935 
| 
Weeks | Average) Popu- | 5 Day B.O.D.—20 °C. in p.p.m. | Nitrites 
Locati Year | Filters | Treat. | lation | and 
zocation ear | O 7 Fl ss | tray j | | Nit : 
| Oper ow | Servec aol ig su ce ena] Pee rates 
| ated | M.G.D.| 1000's Raw | Settled ie Fin. Eff. p.p.m. N. 
Akron 11931 | 51.6 | 28.1 179.4 | 150 | 109 | 20.8 | 15.8 3.65 
| 1932} 50.3 | 31.2 | 1816 | 137 |: 121 | 250 | 168 4.65 
| 1933) 50.0 | 31.4 | 1868 | 155] 105 | 240 | 17.2 5.76 
| 1934] 52.0 | 27.7 | 186.8 | 188 | 127 | 26.7 eg 7.28 
| 1935] 52.0 | 29.6 | 193.6 | 171 | 120 | 265 | 184 8.68 
| | | | | | 
Alliance 1931| 50.3 | 2.070} 23.60| 197 | 132 } 2 | 17 11.97 
1932 | 50.2 1.889 | | 2832 | 150 | 27 | 18 11.79 
1933 | 50.3 1.887 | 236 | 140 | 38 | 24 11.82 
| 1934} 51.1 | 1.821 | 268 | 166 | 33 | 25 12.34 
} 1935] 48.7 | 1.833] 2140] 215 | 138 | 36- | 27 8.71 
| 
Canton 1931| 39.0 | 9.25 | 100.0 | 208 | 127 | 27 | 9.4 
1932 | 52.0 | 10.19 | 103.0 | 189 | 111 31 | 11.5 
1933] 43.3 | 9.27 | 1040 | 215 | 129 | 32 | 13.4 
| 1934] 39.0 | 9.41 | 1040 | 251 | 136 | 31 | 11.6 
| 1935 | 30.3 | 10.43 | 104.0 | 201 | 111 | 30 12.3 
| | | | 
| | | | 
Cleveland, 1931} 52.0 | 10.92 | 130 153 | 106 | 28 23 8.3 
Southerly 1932| 43.4 | 14.72 | 225 | 190 | 114 | 43 31 5.7 
1933 | 52.0 | 16.25 | 225 | 259} 161 | 61 49 5.5 
1934} 43.4 | 15.70 | 225 | 255 | 173 | 48 | 40 7.4 
1935 | 52.0 | 16.51 | 225 191 | 122 | 36 | 25 11.2 
| | | 
| | 
Delaware | 1931] 47.6 | 0.404] 80 | 341 | 264 | 41.1 | 15.1 
1932 | 46.4 | 0.380] 80 | 341 | 248 | 29.0 | _ | 175 
1933 | 36.4 | 0.345 | 8.0 | 358 | 232 | 35.6 18.3 
1934| 51.1 | 0.354/ 80 | 386 | 274 33.0 | 25.8 
| 1935] 384 | 0.373 | 80 | 416 | 262 | 316 | 26.4 | 
| | | | i 
Fostoria 1931| 52 | 1.272] 11.5 | 194] 156 | 41.5 | 25.7 6.01 
1932} 52 | 1459/ 115 | 213 | 164 | 466 | 31.0 4.98 
1933 | 52 1.395} 11.5 | 157] 108 | 295 | 168 9.54 
1934 | 52 1.198 | 11.5 | 192 | 141 30.0 | 20.8 9.12 
1935] 52 | 1349] 11.5 | 179] 130 | 320 | 226 | 7.67 
| | | N 
| 
Marion 1931 | 42.9 1.456 | | 294 | 202 34.8 | 30.1 14.97 
1932 | 41.2 | 1.545 | | 262 | 185 | 333 | 304 | 14.53 
1933} 40.2 | 1.530 | | 278 | 187 | 344 | 30.4 | 16.59 
1934 | 50.7 1.100 | | 381 | 272 50.7 | 45.1 | 20.24 
1935 | 43.7 | 1.211 | 23.25 | 365 | 246 42.7 | 37.9 | 18.76 
| | | | | 
Norwalk 1934] 52 0.656 | 7.8 | 250 | 173 52 | 30 8.0 
|1935| 52 | 0682| 7.8 | 239! 170 7 6 6 2 9.2 
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TRICKLING FILTER LOADINGS 
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Previousty RECOMMENDED LOADINGS 


At the Fifth Conference on Sewage Treatment, Mr. B. F. Hatch in 
his paper ‘‘Trickling Filter Loadings ’’ tentatively recommended that 
a figure of 250 lb. 5-day B.O.D. of the applied sewage per acre foot 
(this corresponds to 5.74 Ib./1000 cu. ft) be set as the probable up- 
per limit of trickling filter loadings, for continuous production of a 
stable effluent. Also, an applied B.O.D. of less than 400 p.p.m. was 
recommended. 

The operation data of the past five years substantiate these recom- 
mendations in so far as general operating conditions are concerned. 
In covering a limited range the results do not determine specifically 
the upper loading limit at which a stable effluent is produced. Care- 
fully planned studies and tests at these plants covering a wider range 
of loadings both as to volume and strength would aid materially in 
trying to solve this problem, which contains so many variables. 


VARIATIONS IN OxyGen Loapina at NorWALK 


To illustrate extreme loading and seasonal variations the filter per- 
formance at Norwalk is cited. There the sewage is applied upon three 
cireular filters by revolving distributors. Table V includes the load- 
ings and filter results covering days when strong industrial wastes 
were present in the sewage. It is of interest to note that during the 
months of April and May, 1934 (only the results for May are tabulated, 
for then the milk waste was constant, in April it was in slugs) loadings 
of 9 lb. B.O.D./1000 eu. ft. were applied, producing a filter effluent 
lacking in nitrites and nitrates and having a 5-day B.O.D. of 60 to 70 
p.p.m. This unexpected industrial loading in the form of skimmed 
milk was later eliminated but while present it gave interesting data 
on loadings. In August and September in 1934-35-36 heavier indus- 
trial loads were encountered in the form of screened corn waste. Load- 
ings inereased to 14 lb./1000 ecu. ft. and in some eases even higher. 
While such loads were variable in amount and strength they showed 
that under ideal conditions loadings up to 12 lb./1000 cu. ft have been 
treated for short periods producing an effluent having a 5-day B.O.D. 
from 30 to 40 p.p.m. with nitrites and nitrates from 2 to 3 p.p.m. 

In studying these filter results at Norwalk it must be noted that the 
two industrial wastes differ as to type of oxidizable matter contained 
but the great difference in results was primarily seasonal. In other 
words, the biological life did not have the capacity for work in the 
spring that it had in the summer. 

These results are presented to show the variation in filter effective- 
ness and not to recommend higher loadings. Such loadings over pro- 
longed periods would be damaging to any sewage plant, 











SEWAGE WORKS JOURNAL Jan., 1937 






















TRICKLING FILTER LOADINGS IM 


ome FILTER LOADING 
Ql UTE REMOVAL 








53338 
eae of 


“AKRON ALLIANCE CLEVELAND MARION DELAWARE NORWALK CANTON FOSTORIA 


Bet mes eee oe SS ee eee eS ee Be Se oe ee ee ee a ee 


COLUMBUS 




















TRICKLING FILTER LOADINGS 












LEGEND 
faone USPENDED SOUDS POUNDS PER ACRE 400) 
PPM 5 DAY BOD IN FILTER INFLUENT 
PPM 5 DAY BOD IN FILTER EFFLUENT 
poo PPM NITRITES & NITRATES IN FILTER EFFLUENT x Ze 
-_ . : = = - a i itn 2 

— j <= =, v 

f2000 ad y < = 200) 
~~ "a ae, 
a Fay rs 
———— “ —— yn Ee 

1000 se = aaron hoa eee = am = — 

oe — ° Dna. . es 

ID LOAD: 
* MGAC re 90 
“ iu Core 
2 a & cs my a 
w f a 
2 i / y = n 
= P~ 2, 
a oe am ao ng pe age ” ~~ 

oa a ape 8m 

= 7 7 

Pe ree ee ‘oe v 























AKRON ALLIANCE CLEVELAND MARION DELAWARE NORWALK CANTON FOSTORIA COLUMBUS } 














Ss 


~) 
+ 

4 
bd 
an 
— 
< 
a, 
2) 

5 
b on} 
re 
a 
jc) 
~+ 
—] 
dined 
ic) 
S 
+ 
bh 
— 
va 
iS 
© 
pens 
fe 
fe 
-— 


eFOL 
Z6Z 
6Z¢ 


GI¢ 
OSF 
98P 
981 
ZOE 
SP 
IL¥ 
L6G 
LEG 
682 


N 


OF 
Lg 
88° 
00° 


Ot © xt 
+1190 Ot = 
ANNN 


‘TO 0001) “Wa eV 


Iq | Jed 


Aeq/"sq'] 
[BAOWSY 109] 1] 


YJONLON 7D Saysv 44 poUugsnpuy fiq payaffy sv UDULOfIIgd pun ShuripooT Lay Guryyors 


| seez | IE 
| Ele 
09¢ 


ERC 
| +€c6¢ 
| +926 
| oze 
| 00F 
| €0¢ 
LES 
cgg 
FSS 
IZ 


00 


Ne = 


~N 


99€ 
SOF 
66E 
6FE 
COP 


‘OD OOOT| “Fel AV | 


| | 1d, | Y, 


Wo 
oy 


Aeq/‘sq'T 
poy 109,17 


| esze 


‘MOY UL IISUAL WAIOD Potoot9g— dog 





O0CE 
126 | ZIT 
899T | G9LI 


OI9T | Est 
LIST + OFLI 
Ogsl |+ZIs8I 
98¢ soot 
L¥6 O09ZI 
Isl C8EI 
ISfl 0691 
9€6 6PIT 
STZ OOS 

606 ZI01 


169 Ecll 
£98 6821 
106 =|) 2821 
zis. | OOrT 
L601 09¢T 


(q) (D) 


[BAOUTOYY | 
| 109d | 


Av ‘sqry |Avq/"sq'| 
| pvo'| 
TO} 


INV O1 


| UdBAX() | 


Poa If Ss 


“MOYE UL OFSVAL YL powunrysg 


pue ‘sny 
@. ABT 





6+ | 0 re | ose| g9Z0 
re | 90 iF | O61 
9] 61 | FFE 


8g org 
ch |+zFe 
re | +26e 
18 802 | 
6L Sig | 
r¢ OFS | 
ar OFE | 96¢°0 
CF Zz | «6960 
IZ 861 | ¢sFoO 
02 | 961} 619°0 


80L°0 
O19'0 
9290 
O8¢'0 
bLy'0 
6S¢°0 


Hotton taonh 


o> 


48 | LIZ 
I8 CHS 
9 CES 
rE | 902 
c9 616 


9€9'0 
[90 
o£9'0 
6£9°0 
S80 


onrrty 


N 


“Wal | “eg 
N‘W'd'd 


| 02 
| 6L S&6I 
| St ‘Sny 


FE6I 
“‘qdag 


FE6l 
ABN 


1B | ayeaqty y ‘ayoWn 


Wedd 
‘D 006 
-sIq] id ao" 
‘ Aeq ¢ 


ul 
pues ; 


MOTO] 


‘A GI1EV EL, 


o3eq 




















“MOY UI 94SBA\ UIOA) pousa1ag—ydag pue ‘3ny 
"po}se} “Yo [Buy ATWO UsYyM OE, “‘Bny Sutmp ydeoxe “ya 194[y UO sys04 ‘OC IIV « 
‘peieyy pue pordde jo -q'o'g Aeq ¢ jo “yp uo paseg (9) 

‘yaed 4siy A a1qQRy, oog ‘ademas paydde jo ‘q'o'g Avg ¢ uo paseg (n) 





ecet | geet | 6 | 28 | se | + 
&6FT CT | = | zz | 6F 
| 


FOE | 109'0 LG 





| a | oze| 2990 | 92 

£98 89F% | 0222 | g 70 =| 88 | OF] FEL0 | gz 
98¢ 9681 ois | F2 | FIT | IF | 98e| zez0 | ¥2 

gI¢ SssI_ | 2z91 | T | Sb | 26z| S990 | ¢z 

wz | 26 | 2 ossz | ogee | 8 00 99 | OOF} 6060 | Iz 
0 | os | 4 PES | OFLZ | GT | OO | 99 | Sor} zOzZ0 | OZ 
02 z16 | 8 rere | 0l8e | AF OO | 2 | oer] eezo | 6 








36 CT 7-4 Isl 5 | O9FS% | 6G | O68] 9¢2'0 
cLsr | 08'1Z 10606¢«4) ~6UW | | 0262 | ¢ 4o | O8F| 6220 
88°ZI | 9ST £6¢ ' | O€9T OLSI 9° ; | IP OZE ZOL'0 
OZ ZI | Ol FI €19 : | LL91 O61 SE 062 8620 
cOFT | | $O°cT | o89 :" | F261 OCT] | i : GF OOF 9¢9'0 
69'8 St'6 GIF : ISTT OOET | : I€ OFE | 6°CF'O 
GP'ST Es'9l ez | : | 6114 OLESY] i ; €& | OOF] 869'0 
Cs'rI If Or | LEE : 6£€0Z OFZ | : F | S& | O6E 8890 
9ST , CL’SI S6¢ : PoLI ESsl LG OZE 9020 

| | | 

“V'O 000T) “3 MOV |'D OOOT! “HT a0y | 

Jag | log lag | Jeg o/ : (9) 7 
Aeq/‘sq'T |Aeq/'sq'q | 
—_— [eAouray | poy, 
A¥q/'sq'T Avq/'sq'T id LU | IW -siq 
[BAOWOY 199]1] pvoy 1991] : 
| 


panuyuojg— A HIV, 





— 
< 
+ 

a 
fe 
. 

=e) 
~ 
LY 
a) 
MN 
ial 
= 
ion 
© 
. 

te 
— 
ica) 


Y 
7 


SEW AG 


| ‘Wl | 9999 
WN wa'd}——_} 
ssa thid | ‘W'd'd . : 978 

| pus —+ .0Z a 978q 
| OPIN ‘aod ; 


Aeq ¢ 


4B 
uaZAxG— 
paayos 


| @ |W 
| 


























TRICKLING FILTER LOADINGS 


IKixPpECTED PERFORMANCE IN OHIO 

Under average operating conditions this study shows that where 
neither excessive oxygen loads nor gallonage figures result, trickling fil- 
ters can be expected to produce results in Ohio as follows: 


Reduction’ an O-day BOs. oiosi0isie Se Saco asls 70 to 90% average 80% 
si Ot PMA Rs ONO 22a c aio sap. 0/0) 8 ones 6) are 20 to 40% average 33% 
ae OF TOO LATIROTER. 2s osha sia. Gress Se 40 to 90% average 75% 
es eA NOR INUETOMON: 20 ocd ote e086 S's 30 to 50% average 45% 
ON GRARCEUELSIEL V7.2) 50086 ieistelelsiaieieieim areas 30 to 40% average 85% 


Note: Results as determined from Settled to Filtered, i.e., final sedimentation not included. 


SuMMARY AND CONCLUSION 


Trickling filters in Ohio have continuously produced a stable effluent 
in most cases when loadings have not exceeded those recommended by 
Mr. B. F. Hatch; namely, 250 Ib. 5-day B.O.D. per acre foot, which is 
equivalent to 5.74 Ib. per 1000 eu. ft. 

The operation data at the several Ohio plants herein considered do 
not conclusively determine an upper limit of loading for desirable filter 
performance, as the loadings covered a limited range. 

Strong industrial loadings have been treated at Norwalk. In the 
spring, with skimmed milk in the sewage, oxygen loading requirements 
of 9 lb./1000 eu. ft. were not satisfactorily treated as the resulting ef- 
fluent contained, neither nitritespor nitrates and had a 5-day B.O.D. 
of 60 to 70 p.p.m. In August and September a screened corn waste 
increased loadings up to 12 1b./1000 eu. ft. and the effluent over short 
periods contained 2 to 3 p.p.m. of nitrates and had a 5-day B.O.D. of 
30 to 40 p.p.m. 

This investigation shows a need for further study to correlate op- 
erating loadings and design loadings. 


Discussion 


By B. F. Hatcu 


Assistant Engineer, Ohio Department of Health 


A paper of this type requires considerable time and effort in prep- 
aration and Mr. Hall is to be congratulated on the thorough manner 
in which the data are presented. A great deal of information is con- 
tained in the tables accompanying this paper, which is all the more 
worthwhile because the data represent performance under actual day- 
to-day operating conditions. When these data are expressed in graph- 
ical form some conclusions become self-evident and certain trends are 
indicated although by no means conclusively, chiefly because of the 
number of variables which cannot be eliminated. 

In this paper it has been pointed out that the performance of a 
filter depends upon loading which in turn involves concentration and 
volume, and to these factors I would like to add oxidizability and con- 
tact. In the first of the two following charts the loading and removal 
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in terms of 5-day B.O.D. in pounds per 1000 cubic feet of filtering ma- 
terial is shown for each of the filters considered in this paper and also 
for the Columbus filter. The filters are grouped alphabetically accord- 
ing to depth beginning with the four 10-ft. filters and ending with the 
5.25 ft. Columbus filter. 

In studying this chart certain conclusions are self-evident. First, 
regardless of the amount of load, the B.O.D. removal curve follows the 
loading curve; that is, if the loading increases the B.O.D. removal in- 
creases and vice versa. Second, irrespective of the amount of load, 
the B.O.D. removed never equals the applied load. Third, as the ap- 
plied load increases the amount of load contained in the filter effluent 
increases. 

It is evident that oxidizability and contact play important parts in 
determining these characteristics. For a given rate of dosage per acre 
per day the contact period is longer in a deep filter than in a shallow 
one and therefore if other variables such as percentage and size of 
voids, method of dosage, filter cleanliness and oxidizability, are equal 
the deeper filter should produce a more completely oxidized effluent. 
Comparison of the Alliance and Canton filters, which receive sewages 
of about equal strength and at similar rates of application in m.g.a.d., 
indicates that the 10-ft. filter (Alliance) is but 3 per cent more efficient 
than the 7-ft. filter (Canton). On the other hand, the second chart 
indicates that the Cleveland filter (10 ft. depth) removes more B.O.D. 
in pounds per acre than the Columbus filter (5 ft. 4 in. depth). Hence 
the question as to the value of additional depth as against greater area 
cannot be determined from these data. 

It is important to note that in Ohio, on account of the limited dilu- 
tion available in our streams, we are more concerned with the pounds 
of oxygen demanding material remaining in a filter effluent than we 
are with filter efficiency in per cent. These data seem to indicate that 
when filter loadings exceed 5.6 lb. 5-day B.O.D. per 1000 eu. ft. of filter- 
ing material, effluents are likely to be produced which are not stable. 
When loadings exceed this figure, filters may still be operated as rough- 
ing filters to be followed by other methods of treatment or the loading 
may be reduced by more efficient removal of suspended solids than is 
obtained by plain sedimentation. 
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OPERATION EXPERIENCES WITH CHLORINATION 
OF ACTIVATED SLUDGE * 


By G. M. Ripenour, C. N. Henperson anp H. B. Scou.LHorr 


Research Engineer, Lab. Asst. and Bacteriologist, Div. of Water and Sewage Research, 
New Brunswick, N. J. 


Recent reports have drawn attention to the possible value of chlo- 
rine in the control of bulking difficulties in the activated sludge process 
of sewage treatment. The use of chlorine in the control of activated 
sludge bulking was brought up during earlier reports of Bell (1) in 
1931 on the application of bleaching powder to the mixed liquor. How- 
ever, at that time available data were not sufficient to determine the 
value of chlorine. Later investigations of Smith (2) and Smith and 
Purdy (3) dealt specifically with the use of chlorine in this connection 
and gave evidence that a bulking sludge could be controlled by the 
proper use of chlorine, applied either to the aeration tanks or in the 
return sludge prior to mixing with the sewage. The principal value 
was given to those cases of bulking caused by filamentous growths. 
Griffin (4) also transmitted a communication of Hodgson to the effect 
that the use of chlorine had been of value in a similar instance in 
Australia. 

In view of these reports the writers thought it to be of interest to 
give results obtained by chlorination of activated sludge at the Marl- 
boro Hospital Sewage Plant in New Jersey. The situation with re- 
spect to the character of sludge was very similar to that reported in 
the above studies and in general seemed to be equal to that required 
by the previous investigators for greatest benefits from the use of 
chlorine. 


Metuop oF INVESTIGATION 


The plant used for the study consisted of an activated sludge plant 
preceded by primary settling. Designed capacity of the plant was 
1,300,000 gallons per 24 hours. Average aeration time during the study 
was approximately 18 hours on the basis of total daily flow or 12 hours 
on the basis of average day period rate of flow. The type of aeration 
during this period consisted of a combination of compressed air 
through porous tubes and mechanical surface aeration with brushes. 
Sludge return was accomplished by means of mechanical sludge col- 
lectors in the final settling tanks followed by air lifts to the sludge 
return channel. 

Liquid chlorine was applied to the sludge return channel at the 
end of the channel farthest from the point of mixing with the settled 
sewage. The time of chlorine contact with the return sludge before 
mixing with settled sewage was approximately two minutes. The 

* Jour. Series Paper, N. J. Agricultural Experiment Station, New Brunswick, N. J., Div. 
Water and Sewage Research. 

Note. Part of the work was performed with the help of W.P.A. employees. 
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place selected for introducing the chlorine permitted intimate mixing 
of the chlorine with the return sludge by virtue of the turbulence of 
the air lift discharge. 

Indices used during the study were selected to provide information 
as to the effect of the chlorine on, first, the settleability of the acti- 
rated sludge floc, and second, the purification of the supernatant liquor. 
The tests for the former consisted of volume occupied by the activated 
sludge in a one-liter cylinder after 1 hour settling and the weight of 
suspended solids in the mixed liquor of the aerator. The sludge index 
of settling was obtained by the ratio of suspended solids in p.p.m. to the 
volume occupied in ¢.c. in a liter cylinder. The tests used as indices 
of purification were ammonia nitrogen, nitrate nitrogen, relative sta- 
bility, turbidity and suspended solids in the effluent from the final 
clarifiers. The chlorine demand of the return sludge and the ash con- 
tent of the activated solids were also recorded. 

Microscopical examinations were made at regular intervals during 
the entire period to determine the relative abundance of filamentous 
organisms. 


Conpitions oF ACTIVATED StupGE Prior TO CHLORINATION 


Prior to the beginning of this study the activated sludge had devel- 
oped into a light, slow settling and voluminous floc. The gradual de- 
velopment of this condition can be seen in the accompanying graph 
under the sludge settling index. Three months prior to chlorination, 
the floc had been dense and settled rapidly with a sludge index of 15. 
This was followed by a two month gradual decline to a sludge index of 
2.0. Microscopical examinations showed the floc to consist almost en- 
tirely of fungus growths, particularly during the month preceding the 
chlorination test. 

ReEsuLTs 

The chlorination results are given in the accompanying table and 
final part of the graph covering a period of chlorination of nearly two 
and one-half months. The results during the chlorination period are 
also related to similar indices at the plant for three and one-half 
months preceding the chlorination study, to serve for better compar- 
ison of the effect of chlorination. 

An additional test made during the period of chlorination was the 
chlorine demand of the return sludge. Previous investigators (2) (3) 
have reported the chlorine dosages on the basis of p.p.m. or per cent 
per unit weight of solids. It is believed, however, that better com- 
parison of dosages can be obtained on the basis of the per cent of total 
chlorine demand applied to the activated sludge mixture. Conse- 
quently, the results have been reported in relation to the chlorine de- 
mand, as well as on the basis of p.p.m. by volume of return sludge and 
per cent of weight on the dry solids basis. The chlorine dosage in this 
study covered a range from 3.1 to 72 per cent of the chlorine demand, 
which corresponded to a minimum of 2.0 p.p.m. and a maximum of 13.3 
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p.p.m. or from 0.01 per cent to 0.46 per cent chlorine on the dry solids 
basis. The highest dosage was carried for a period of approximately 
one-half month. 


Discussion 


The results of this study, given in the accompanying table and graph 
show that chlorination of the activated sludge, within the ranges of 
chlorine dosages of from 3 to 72 per cent of the chlorine demand or 0.01 
to 0.46 per cent on the dry solids basis, had no effect on the control of 
bulky sludge, either in reducing the numbers of filamentous organisms 
or in changing the settling character of the activated sludge floc. The 
settling index of the activated sludge floc remained almost constant 
during the entire period of chlorination under high and low chlorine 
dosages. The index was also practically unchanged from that existing 
for one and one-half months preceding chlorination. 

With respect to the microscopical character of the floc, the records 
show that the sludge was uniformly high in filamentous fungi during 
the entire period, and very similar to the sludge during the period 
preceding chlorination after the slow settling floe had formed. Like- 
wise, bacteria enclosed in zoogleal sacs, as well as protozoa, were very 
low in numbers. Though not recorded in the table, studies were also 
made after the methods of Henrici (5), (6), (7) by immersing glass 
slides in the liquid substrate at the inlet and outlet ends of the aeration 
tanks. The results of these studies showed no direct correlation be- 
tween the microscopical character of the sludge floe and the film attach- 
ing itself to the glass slides. The film varied in microscopical char- 
acter from week to week and gave no consistent trend. However, 
relatively speaking, the numbers of fungi attaching themselves to glass 
were found to be as great during the latter part of chlorination as 
during the beginning and before chlorination. 

The attendant results also give evidence that the activated sludge 
floc, with respect to its sewage purifying ability, was not so sensitive 
to the action of chlorine as might be thought. During the period of 
chlorination, up to and including a chlorine dosage of 25 per cent of 
the chlorine demand of the sludge, the course of purification of sewage 
liquor remained practically the same as during the period preceding 
chlorination. Coincident with the increase of the chlorine dosage to 
75 per cent of the sludge demand, the principal change in purification 
indices was measured in the increase in ammonia nitrogen and the 
decrease in the nitrate nitrogen in the plant effluent. This might logi- 
cally be taken as an indication that the purification has been affected 
by the increased dose of chlorine at this point. However, it is to be 
noted that certain operation requirement demanded a reduction in the 
air supply to the aerators at approximately the same time these indices 
changed and the authors believe this change in operation procedure 
was more responsible for the reduced quality of the effluent, with re- 
spect to ammonia and nitrate indices, than the increase in chlorine. 
This seems to be substantiated by the fact that other indices of puri- 
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fication, not given in the data, such as relative stability and turbidity 
of the effluent, did not show a corresponding decrease in the quality 
of the plant effluent. Past performances at this plant also show that 
when the dissolved oxygen was lowered to the value noted above, a 
change in ammonia and nitrate nitrogen occurred to practically the 
same extent. 

The difference in the results obtained at this plant as contrasted 
with those reported by others, even when chlorine dosages were used in 
amounts 400 per cent in excess of the amounts used by previous in- 
vestigators (2, 3), might indicate that either (1) there is a vast differ- 
ence in the resistance of the various fungi commonly associated with ; 
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sludge bulking, (2) the character and numbers of fungi were widely 
different or (3) there is such a wide difference in the chlorine con- 
suming eapacity of different sludges, that an extremely wide variation 
in the quantity of chlorine is required for effective results. 

The relative resistance of the fungi is attested by their persistent 
growth, when started, in spite of all physical and chemical attempts 
toward their destruction, short of destroying the other organisms 
needed to carry on the purification process. That they are of varying 
resistance in different sewage is problematical, since the problem of 
sludge bulking due to these growths seems to be, at one time or an- 
other, of quite general experience. The relative difference in numbers 
would not seem to be of importance, since the varying quantities of 
chlorine used in this case covered a wide range and yet the abundance 
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of organisms was relatively unaffected. Differing results obtained 
by the use of chlorine might seem more logically explained on the basis 
of the varying chlorine demand of the activated sludge mixture. 

Smith and Purdy did not report data on the per cent of chlorine 
demand applied and it may be that the difference of results, in what 
appear to be otherwise comparable conditions, may be explained on 
this basis, i.e. the chlorine dosages used by them on the basis of p.p.m. 
and per cent by solids weight, while smaller in quantity than those used 
in this study, were satisfying a larger percentage of the chlorine de 
mand of the sludge. However, to be consistent with the results here 
with obtained the dosages must have exceeded three-quarters of the 
total chlorine demand of the sludge mixtures. 

This brings up the question whether a chlorine demand satisfaction 
higher than 70 per cent is not likely to be dangerous to the existence 
of other desirable organisms. The theory behind the effectiveness of 
chlorine on the control of sludge bulking necessarily depends on the 
selective action of chlorine on fungus growths such as Cladothrix and 
Sphaerotilus rather than on other forms of protozoal and bacterial life 
beneficial to purification. We have not been able to find experimental! 
data which show greater sensitivity of the fungus forms of life causing 
bulking when present in sewage or activated sludge. On the other 
hand, Rudolfs and Ziemba (8) have shown that on sewage, a chlorine 
demand satisfaction of 60 per cent will cause a reduction in total or- 
ganisms of 56 per cent in 244 minutes and Rudolfs and Gehm (9) show 
reductions of 90 per cent in total bacteria after 10 minutes contact time. 

An interesting complement of the chemical results is shown in the 
trend of chlorine demand of the activated sludge. This is shown in 
the lowest curve of the graph. The chlorine demand decreased from 
a maximum at the commencement to a minimum at the end of the chlo- 
rination period. The break in the consistent downward trend can pos- 
sibly be explained on the basis of difference in oxygen content in the 
aerators. It is noticeable that this temporary readjustment in the level 
of the chlorine demand was coincident with the lower level of residual 
dissolved oxygen in the aerators as shown by the top curve in the graph. 
It would seem to appear from these data that the continuous applica- 
tion of chlorine, although in amounts considerably less than the de- 
mand of the sludge, has a ‘‘ecumulative’’ effect in the reduction of 
chlorine-consuming material. It might be assumed that chlorination 
would not be effective until a definite chlorine demand of all the sludge 
was satisfied, which due to the retaining capacity of the aerators would 
require a considerable time before the effect was felt on the bulking 
sludge. In this case, however, the displacement of all the sludge re- 
quired about 12 days, which was considerably shorter than the entire 
period of chlorination. 


SUMMARY AND CONCLUSIONS 


Studies were conducted at the Marlboro activated sludge plant in 
New Jersey on the use of chlorine in the control of a bulky sludge. 
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The method of study consisted of chlorinating the return sludge in 
amounts up to 72 per cent of the chlorine demand or 0.46 per cent on 
the dry solids basis. Information was secured as to the effect of 
chlorine on (1) the purification of the sewage (2) settleability of the 
activated sludge floc, and (3) filamentous organisms. 

Under the conditions existing at this plant the following results 
were obtained: 

(1) Chlorine applied to the return sludge in amounts as high as 72 
per cent of the chlorine demand, or 0.46 per cent on the dry solids basis 
had no effect toward increasing the sludge settling index. 

(2) The filamentous character of the sludge remained unchanged as 
far as could be observed from microscopical examinations. 

(3) Purification of the sewage liquor was practically unaffected by 
the chlorine. 

(4) The chlorine demand of the sludge decreased during the period 
of chlorination from a maximum amount at the beginning to a minimum 
at the end of chlorination. 
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SEWAGE PLANT CONSTRUCTION WITH W.P.A. 
LABOR * 


By M. W. TattocK 


Supt. Sewage Treatment, Dayton, Ohio 


The present Dayton sewage treatment plant was designed by Met- 
‘alf and Eddy, Engineers, Boston, Mass. In their ‘‘Memoranda Re- 
garding Sewage Disposal Investigation of 1923’’ their selection of plain 
sedimentation, as the type of treatment for Dayton sewage, was based 
on the following standard of cleanliness for the Miami River, at and 
below Dayton: 

1. The stream should be maintained in such a condition as to obviate 
the production of disagreeable odors either from the waters of the 
stream itself or from putrefying sludge deposits. 

2. Floating sewage matters such as garbage, match sticks, paper, 
ete., should not generally be present on the surface of the stream. 

3. The stream should generally be practically free from floating 
seum, unsightly foam and sludge. 

4. The stream should generally be practically free from oil sleek. 

5). The discharge of wastes and sewage into the stream should not 
produce an excessive discoloration of the river waters. 

6. Extensive deposits of septic sludge should be prevented. 

7. Uniform mixture of the sewage or the sewage effluents with the 
stream waters within a reasonable distance of the point of discharge 
of such sewage or effluents should be secured. 


Stream FLow anp DissoLtvepD OxyYGEN 


An examination of all available records on stream flow for 32 vears, 
1893 to 1924, showed that there had been but one month having an 
average flow of less than 350 ¢.f.s. This flow was, therefore, adopted 
as the minimum which might be expected and it was used in the ealeula- 
tion of the oxygen available to meet the demands of the treated sewage. 

The engineers made an extensive survey of the river and reported 
that ‘‘although it is impossible to predict with exactitude the minimum 
dissolved oxygen content which will occur at times of low flow, it seems 
reasonable to expect that the dissolved oxygen content will not drop 
below 7.0 p.p.m., which is 0.66 p.p.m. less than the average found in our 
investigations.’’ This survey also indicated that the 1-day oxygen 
demand of the stream would be 1 p.p.m. and they assumed that 1.5 
p.p.m. should be the minimum to which the dissolved oxygen content 
of the river could be reduced and yet remain inoffensive and provide 
enough oxygen to support fish life. These allowances indicated that 
the dissoived oxygen available for the satisfaction of the 1-day oxygen 

* Presented before the Ninth Annual Meeting of the Central States Sewage Works Asso- 
ciation, Indianapolis, Ind., Oct. 30, 1936. 
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demand of the Dayton sewage at times of extreme low flow was 4.5 
p.p.m. 
Using these allowances, Fig. 1 was prepared to show the diluting 
water required to maintain 1.5 p.p.m. of dissolved oxygen in the stream 
below the plant with different degrees of sewage treatment. It clearly 
indicated that with the minimum flow of 350 c.f.s., Imhoff tank treat- 
ment or its equivalent would suffice until 1937 and thereafter further 
treatment by trickling filters or activated sludge would be required, 
but to insure some factor of safety, 1935 was selected as the date when 
further treatment could be expected to be required. 

The plans for the present plant were drawn up on the basis of these 
investigations, but when they were approved by the State Department 
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Fig. 1.—Dayton, Ohio. 


Diluting water required to maintain not less than 1.5 P.P.M. of dissolved oxygen at West 
Carrollton Dam and degree of sewage treatment needed at times of minimum river flow under 
present and future conditions. 


of Health (June 27, 1927), one of the conditions attached to the ap- 
proval read as follows: 

“2nd. That the date set forth as the time for consideration of additional treatment 
of sewage, namely 1935, is not accepted by the Director of Health, but rather that this 
shall be made the subjeet of study by observation of actual conditions after the plant 
has been constructed and operation commenced; and, therefore, that when deemed neces- 
sary by the Director of Health, additional devices for the treatment of the sewage shall 
be provided.” 

These basic design facts and terms of approval by the Department 
of Health clearly indicated that careful observations of all plant opera- 
tion and stream conditions should be made. These observations are 
recorded in the following data tables. 

Table I shows a comparison between the actual and expected load- 
ings and removals by the Imhoff Tanks: 
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TABLE I.—Companison of Actual and Expected Loadings and Removals by Imhoff Tanks * at Dayton 
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Population......... 
Sewage Flow M.G.D. 
Sewage 
Suspended Solids 

2, 2) 


Lbs. per day. . 


Effluent 
Suspended Solids 
ot) 


Lbs. per Day 


Per Cent Reduction 
Deposited Solids 
Ae) 


Lbs. per Day 


Sewage 
5-Day B.O.D. 
oe | 


Lbs. per Day 


Effluent 
5-Day B.O.D. 
PPM, .... 


Lbs. per Day 


Per Cent Reduction 


* 1930 results are not included in the averages because of the excess foaming during the early 


Esti 
| Esti- | 4 
Actual 
| mated 1931 
| a 1930* 
1935 | 


262,000 |218,081 |221,081 


1933 

[224,081 |227,081 
22.0 21.7 | 
214| 215 | 
39,200 | 38,900 
109| 97 
20,000 | 17,500 
19 | 55 

105 118 
19,200 | 21,400 
181 141 


26.2 18.4] 21.4 
170) 218) = 221] 
37,000 | 33,400 | 39,200 | 
85 110/93 | 
18,500 | 16,700} 16,300 
50 19.5 5S 

85 108 128 
18,500 | 16,700 | 22,700 
160 193 198 
34,900 | 29,600 39,200 
112 124 101 
24,400 | 18,900} 18,000 
30 36 49 


months of the first year’s operation. 


Table II shows the stream flows since the plant went into operation. 


Period* 


l 


10 
11 
12 
13 





* Beginning 1931 all plant records are based on a 13-period calendar instead of the regular 


12 months calendar. 


The underlined average figures indicate the flows which are equal to or less than the estimated 


TABLE II.—Stream Flows 


Cu. Ft. per Second 


1930 1931 1932 
3,792 135 7,520 
5,876 550 3,240 
3,077 890 1,952 
1,619 2,155 1,780 
804 1,105 785 
693 427 455 
492 514 1,627 
313 921 324 
453 714 165 
426 520 265 
400 480 443 
423 806 1,695 
4,090 2,820 


monthly minimum average flow. 


| 


1932 | 





33,200 | 25,560 


101 68 
18,500 | 12,300 
14 Be 


1933 


5,410 
1,850 
5,650 
6,320 
10,230 
2,070 
880 
613 
595 
1,480 
542 
543 
1,078 





Jan., 1937 


| | we ee 
| 1934 | Aver- 
| age* 
230,081 | 
19.4 21.1 
| | 
271] 230 
43,700 | 40,500 
| 
113} 103 
18,250 | 18,100 
58 55 
158 127 } 
25,600 | 22,400 
182} 175 
29,400 | 30,800 
91 | 90 
14,750 | 15,850 
50 


19 


1934 

935 

369 

1,321 

1,935 

460 

302 

458 
| 236 
499 

365 

288 

264 

294 
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Table IIT shows the dissolved oxygen content and Table IV shows 
the 5-day B.O.D. during the periods of low stream flow in 193 


TaBLE III.—Stream Conditions. Low Water Stages, 1934. Dissolved Oxygen 


Dissolved Oxygen, P.P.M. 














Period C.FS.* | Stations 
|— Se re ——— res si ae eel Avg 
| i | * C D I | 
6 352 5.5 3.6 0.8 0.8 - |) oe 
7 407 3.4 3.5 1.5 23 LA) eo 
8 217 2.3 3.2 0.0 | 09 0.7 | 19 | 
9 343 i i a 19 | 12 i2.| 26 
10 341 4.0 | BS: 16 | 
11 288 1.2 3.7 0.6 0.6 0.6 1.0 
Avg 325 3.5 3.5 1.0 1.1 11 2.0 1.7 
12 264 8.5 4.3 2.4) 1 
13 294 5.8 5.1 1.5 
Grand Avg. 313 1.4 3.5 1.0 2.0 1.1 2.4 
Tasie IV.—5-Day B.O.D. 
5-Day B.O.D., P.P.M. 
bs Flow | a . <_ ee, 
Period CFs.*« | Stations 
s | 3B ( D I 
6 352 as | wy | we Tle 78 | 84 
? 407 49 | 19.0 6.0 | 5.4 6.2 7.1 
8 217 127 | 240 | 80 192 | 16 | 160 
9 > =g4ge> 9.2 | 300 | 5.2 9.2 8.4 | 13.0 
10 341 i | | 7.9 | 7.3 
11 ;} 288 |; 21 | 24 6.7 06 | S68 | 4 
Avg 325 5.9 18.8 = |. 1s 58 | 94 
12 264 3.8 | | 15.5 | 66 
13 | 294 a | = 10.5 | 7.3 
| 
Grand Avg. | 313 | 5:3 | | Ma | 8.8 





*In these tables the stream flows are not identical with those in the table giving monthly 
avg. flows for each year since the plant has been in operation. The flows used in.this table are the 
avg. monthly flows, omitting the temporary rises caused by a local rain occurring at such times 
that the rise had no connection with the analytical data. 


These data indicated that while the engineers estimated the Dayton 
sewage in 1935 should carry 37,000 lb. suspended solids and 34,900 Ib. 
d-day B.O.D. per day, it actually carried on an average for the four 
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years prior to this date, 40,500 lb. suspended solids and 30,800 Ib. 5-day 
B.O.D. per day. The engineers also estimated that the receiving 
stream would never fall below a minimum average monthly flow of 350 
¢e.f.s., carrying a minimum available dissolved oxygen content of 4.5 
p-p.m. or 8500 lb. daily. But for six months of 1934 the average 
monthly flow of the river was 325 c.f.s., carrying an average dissolved 
oxygen content of only 1.7 p.p.m., or 2980 lb. daily, while during this 
time the 1-day B.O.D. of the Dayton sewage was 4560 Ib. per day. 

These facts made it clearly evident that additional treatment of the 
sewage was necessary to prevent gross pollution of the Miami River, 
with its attendant health hazards and property damages, before com- 
plaints were filed against the city. Preliminary studies were, there- 
fore, begun as early as Sept. 1, 1934, on the cost of secondary treatment 
for Dayton sewage and a preliminary report was made to W. W. More- 
house, Director of the Dept. of Water, Jan. 19, 1935, setting forth the 
results of these preliminary studies; and a final report was filed April 
22, 1935. <A letter was also received by the Hon. F. O. Kichelberger, 
City Manager, Feb. 15, 1935, from Mr. F. H. Waring, Chief Engineer, 
The State Department of Health, which stated, ‘‘You will recall that 
assistant engineers of this department have from time to time visited 
the Dayton plant, checked its operation and observed the stream con- 
ditions. During the past year these stream conditions point decidedly 
to the necessity for further treatment of the Dayton sewage before 
disposal of the effluent in the Miami River if proper cleanliness is to be 
obtained in this stream and a nuisance as a result of Dayton sewage 
prevented. 

‘Tt is the judgment of this department that these additional devices 
should now be constructed as promptly as possible.’’ 


Report RecoMMENDATIONS 


The reports stated that there were two recognized processes of sec- 
ondary treatment, both biologic in character; activated sludge treat- 
ment or trickling filters, each of which is followed by final removal of 
the resulting sludge; and that there was also some agitation, just at 
that time, favoring treatment by chemical precipitation and floccula- 
tion methods. Each method of treatment was discussed in detail and 
the final reeommendation was based on two considerations; first, would 
the process produce the desired degree of purification, and second, 
could it be financed, both as to construction and operation, without in- 
creasing the present sewer service charges. 

Chemical Precipitation—-Progress in the treatment of sewage has 
been marked by the recurrence of cycles in which emphasis has been 
placed either: on the biologic or chemical phases. The first chemical 
coagulation cycle flourished in the United States in the decade from 
1890 to 1900, but waned thereafter and fell into almost complete disuse. 
The widespread introduction of mechanical equipment into sewage 
treatment practice, together with the promotion of the sales of chem- 
icals has renewed interest in the process.’’ This new interest is so 
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recent and the proven advances are so meager that it is impossible to 
decide what permanent contribution to the treatment of sewage will 
result from the present agitation and one can only question the outcome 
of all the experimental and promotional activity now under way.’’ 

A study of the results of most of these processes reveals that the 
degree of purification attainable by chemicals alone lies between that 
obtainable by plain sedimentation and that obtainable by biologie proc- 
esses. Only by the addition of additional treatment, perhaps trickling 
filters and sedimentation, can an effluent be produced, comparable to 
that produced by either biologic process. The best available figures in- 
dicate that for this type of treatment, the chemicals alone will cost $8.00 
per million gallons plus some additional labor and power. This cannot 
be financed by the present sewer service charge. 

Activated Sludge Process.—The purification effected by this process 
is high; a 95 per cent removal of B.O.D. and suspended solids may be 
expected with well controlled operations; this degree of treatment will 
meet all demands as to the quality of the effluent. The construction 
cost is lower than for trickling filters but a greater part of the cost is 
for equipment. The operation cost may be expected to be higher than 
that estimated for chemical treatment. The process has not been con- 
sidered because it cannot be operated on the present sewer service 
charge. 

Trickling Filters.—This type of treatment, like the activated sludge 
treatment, will produce a stable effluent but it will not remove quite as 
high percentage of suspended solids and B.O.D.; however, the quality 
of the effluent will meet all the requirements for maintaining the purity 
of the receiving stream. From the standpoint of constant perform- 
ance without such close supervision, trickling filters are preferable 
to the activated sludge process. Trickling filters can be operated with- 
out any increase in the present sewer service charge and they will pro- 
duce the degree of purification required; they are, therefore, recom- 
mended for construction if some plan for financing the construction 
can be arranged. 


Tue Proposed PLANT 


The plant has been designed as 20 filters, each 165 ft. in diameter 
and 71 ft. average depth; this provides 32,070,000 cu. ft. of filter stone 
against the actual requirements of 31,900,000. 

There are 4 final settling tanks for the filter effluent, each 80 ft. in 
diameter and 9 ft. deep at the side walls, providing 11% hrs. detention 
at the average rate and 1 hr. detention at the maximum rate. These 
tanks will have peripheral weirs and will be equipped with mechanical 
cleaners for the removal of sludge. A pump house is provided to house 
the pumps for sludge pumping. The piping will be so arranged that 
this sludge may be returned either to the influent conduits of the Im- 
hoff tanks, to the separate sludge digestion tanks, or to the sludge dry- 
ing beds. 

The influent conduit to the filters will be provided with a 14 in. mesh 
screen for removal of coarse debris. The filters will be equipped with 
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valves on both the inlets and outlets so that they may be completely 
flooded for filter fly control. Ample underdrains and ventilation sys- 
tem are provided. A bypass is provided for the final settling tanks. 

The influent conduits to the filters have been designed of sufficient 
size to earry the flows for the future extensions necessary to serve the 
erowth of the city, and the main effluent collector is large enough to 
earry the effluent from the future extensions to 1970. 

These plans were approved by the State Department of Health and 
estimates of cost were set up. These estimates indicated very clearly 
that the project could not go forward without federal aid to a very 
substantial extent. An Ohio Supreme Court ruling had made the issue 
of bonds dependent on a 65 per cent vote of the people and they have 
not yet returned to a bond approving mood. This situation apparently 
removed P.W.A. from the picture, so we turned to the W.P.A., but this 
Administration had a ruling which removed any project costing more 
than $25,000 from their jurisdiction, unless it had first been refused 
by the P.W.A., so it became necessary to prepare and submit the project 
to the P.W.A. and convince them that the City of Dayton could not 
finance it. The project was rejected by the P.W.A. and re-submitted 
to the W.P.A. on July 5, 1935. It was passed by the local district of- 
fice, by the state office and passed on to Washington. After much cor- 
respondence, trips to the state office at Columbus, and one trip to 
Washington, the project received presidential approval for operation, 
just as it was set up. This called for a federal expenditure of $663,848 
and a sponsor’s contribution of $218,015, totaling $881,865. A change 
in labor rates to conform to local wage seales later increased the federal 
funds to $730,232 and the sponsor’s share to $246,484, making the total 
estimated cost $976,716. 

The federal funds included all labor and trucks, operating super- 
intendence, all forms, reinforcing steel, cement, cast iron and precast 
concrete pipe, wrought iron pipe, all valves and sluice gates, nails, 
form-ties, pipe joint materials and one-third of the filter materials. 
The sponsor’s contribution was to cover the cost of preparation of 
plans, field engineering and inspection, sand and gravel in the ground 
(to be excavated, screened and washed by the W.P.A. labor), and all the 
special equipment for the project; i.e., the dosing siphons, the rotary 
distributors, the final tank clarifiers, the digester covers, the heating 
equipment, and the sludge pumps. It was expected that the other two- 
thirds of the filter material would be quarried on city property, crushed 
and hauled to the plant site. The value of the material in the ground, 
the sand and gravel and filter stone, was a considerable portion of the 
sponsor’s contribution which did not represent a cash expenditure. 
The Department of Water owned two one-yard Northwest shovels which 
were to be furnished for the excavation and handling of materials. 
The concrete mixers and gravel washing and screening plant were also 
sponsor’s contributions. The fair rental value of this equipment also 
became a substantial contribution without the equivalent cash ex- 
penditure. 
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In planning the whole project everything was done to produce labor 
hours. The reinforcing steel was all fabricated on the job. The 
under-drainage and ventilation system was worked out as pre-cast con- 
crete instead of purchasing a manufactured product. 


S1zE oF Progect 


Some idea of the magnitude of the project is reflected in these prin- 
cipal items: 


EPLCAVAERONY ciate aeie kiss eho as Giasaeloine Sie 250,000 yd. 
PAU tCMUL NG enstevetetesarate ree Sale laial esis weet 98,000 yd. 
[CR SSR SCT ne a en a 1,936,834 sq. ft. 
ROINLOLOINS SlCOl! Sse oree Sawer eeahe ale wove 528 tons 
IGGHETORCING: NICS) 6.30) hes ieee sean © Od a0 104 tons 
ROMER EUS fois talc: ciecoote Sie \ecesleal ng Mia areraee aan ois 19,882 yd. 
OS SNe! ET Dar: WIR ea ae aoe 156 tons 
LIT C29 eile (21/2) Pg ee 120,000 yd. 


ProGcress oF Progect 


Actual construction began Jan. 28, 1936. The exeavation is com- 
pleted and 19,000 cu. yd. concrete had been poured to Dee. 31, 1936, 
which indieates the proportional tonnage of reinforcing steel that has 
been placed and the number of square feet of forms that have been 
built. The excavation has cost $1.075 per cu. yd., the forms 7.05 cents 
per sq. ft., the reinforcing steel, unloaded, fabricated, hauled and placed, 
498.00 per ton, and the concrete $10.80 per cu. yd. In terms of units, 
the following work is completed: all the connecting conduits; 20 filters 
(Fig. 2 and Fig. 3) excepting the floor slabs in one-half unit and the 





Fig. 2.—Shows forms being set up for the first filter wall. The outside forms are about com- 
plete, the inside forms are about half complete and the reinforcing is shown. May 15, 1936. 
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underdrainage in five; the 4 final settling tanks, excepting the floors and 
collection troughs; the two digestion tanks and 1450 ft. of 6 ft. section 
storm sewer through the plant site. The work has been carried for- 
ward under this federal aid program as if the W.P.A. were the con- 
tractor and the City of Dayton the owner, represented by the writer 
as resident engineer, who has written all the specifications for all fed- 
eral purchased materials, and has been given complete co-operation 
by both the district and state material specifications and procurement 
divisions in obtaining the exact materials specified. 

The filtering material and the special equipment, except the floating 
covers for the digesters, have not yet been purchased. The filter ma- 
terial -will all be slag where it was originally intended to make the bot- 





Fic. 3. Precast conerete crew making filter blocks for the filter underdrainage. This job re- 
quired 800,000 blocks 2 ins. by 35% ins. by 21 ins. May 1, 1936, 


tom two-thirds stone and the top third slag. The stone from the city 
quarry failed to meet the 20-evele sodium sulphate test for soundness 
and no known stone is available near Dayton which will meet this test. 
Slag is available at Hamilton at a price which almost eliminates stone 
from consideration. The equipment specifications will soon be com- 
pleted and advertised for bids by the purchasing agent of the City of 
Dayton. 

The project is now near enough to completion that the citizens of 
Dayton look forward to a complete treatment plant which will com- 
pare most favorably with anything of its kind in the United States, and 
for size, it will be the largest rotary distributor installation built to 
date. The project became a possibility because of the W.P.A. program 
and a reality because the Ohio Sewer Rental Law made it possible 
to build up a surplus revenue fund which may be used to enlarge ex- 
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isting treatment works. The Dayton Ordinance established a rate 
which has been adequate to finance maintenance and operation costs 
and still leave a small surplus to accumulate each year. This aceumu- 
lated surplus and the W.P.A. have made the project a nearly completed 
reality. 

The problems arising under this works program have required pa- 
tience and understanding, to say nothing of perseverance and tenacity 
of purpose. Through the work to date, the writer wishes to take this 
public opportunity to express his personal appreciation and for the 
City of Dayton, to all the W.P.A. officials with whom he has worked 
to make this project a monument in concrete and stone, to a program 
touching so closely the lives of so many individuals. his would never 
have been possible without the closest cooperation between the state 
office, the district office, the supervising field engineers and the project 
superintendent. The experience has been an education, a lot of hard 
work, a study in group psychology, likely never to be forgotten, but 
hoped never to be experienced again. 








THE GENEVA N. Y. SEWAGE TREATMENT PLANT * 


By KE. A. Marswaun 


Plant Supe rintende nt, Geneva, NN. D. 


Until a year ago, the city of Geneva, N. Y., discharged its sewage 
wastes through three submerged outlets into Seneea Lake without treat- 
ment. Seneca Lake, one of the beautiful Finger Lakes, is a large deep 
body of water with a tributary drainage area of over 700 square miles. 
While the volume of fresh clean diluting water flowing through the 
lake was many times the volume of sewage discharged into it, and of- 
fered large capacity for natural purification, local nuisances occurred 
at the points of discharge and under certain conditions of wind and 
lake currents, polluted water might be carried back to the water supply 
intake. Popular bathing beaches are located at and near the outlet 
of the lake. The most important sewage outfalls were about two miles 
above the beaches and conditions were aesthetically objectionable if not 
actually dangerous. 

The sewage system is of the separate type with, however, substantial 
storm water infiltration after heavy rainfalls. During the canning 
season, an unusually heavy organic load is present due to factory 
wastes. 

. After a study of the sewerage system and the degree of purification 
required it was decided to install primary treatment of the separate 
sludge digestion type, providing clarification plus chlorination of the 
sewage. Owing to the layout of the sewer system and economic con- 
siderations, it was desirable to construct two separate plants. The 
main plant, known as the Gulvin Park Plant, which has been in opera- 
tion for a year, receives about 90 per cent of the sewage flow. Sewage 
from the extreme southerly end of Geneva will be treated at the small 
Mile Point Plant, now under construction. 


DrscripTION OF PLANT 

The Gulvin Park Plant is designed for an average flow of 3.38 mil- 
lion gallons per day from a population of 22,500. It consists of a 
screen chamber, pumping station, three sedimentation tanks, two sludge 
digestion tanks, two sludge drying beds, and duplicate automatic chlo- 
rinating equipment. Sludge gas is collected and utilized for heating 
sludge and the pumping station building. 

Sewage is brought to the site through two trunk sewers. From the 
junction of these sewers, it is conveyed through a short streteh of 30 in. 
‘ast iron pipe to a by-pass manhole and to the screen chamber. The 
by-pass, which is sealed, was used during construction of the plant and 
is available now for emergency use. 

Two screens are provided. One is a Jeffrey mechanically cleaned 
screen with grit sump. The screen consists of 34 by 2 in. wrought steel 

* Presented at the Fall Meeting of the New York State Sewage Works Association, 


Geneva, New York, October 9-10, 1936. 
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bars with 1 in. clear spacing, 4 ft. wide and with a normal capacity of 6 
million gallons per day. The seeond sereen is manually cleaned and 
consists of 4% by 3 in. bars, with 1 in. clear spacing, 4 ft. wide. It is 
provided for emergency use and comes into operation when the sewage 
level ahead of the screens rises a certain distance above normal level. 

After passing the sereens, sewage enters a 30,000 gallon suction 
well which serves to balance sewage flows and equalize pumping 
operations. 

The pumping equipment consists of three Chicago motor-driven 
vertieal centrifugal pumps, float-controlled, with capacities of 3.0, 4.0 
and 5.0 million gallons per day respectively. The pumps are located 
in the head house basement with the motors mounted above on the first 
floor. A Venturi meter tube is located in the 20 in. pump discharge 
line within the building. Duplicate Wallace and Tiernan solution-feed 
chlorinators, with proportional feed controlled by the Venturi meter, 
are located on the first floor of the head house. Mono-rail system for 
handling and provision for storing one ton chlorine cylinders are pro- 
vided. Primary chlorine is applied to the discharge line within the 
basement and immediately beyond the Venturi tube. The foree main 
from the building to the sedimentation tanks is a 20 in. cast iron line. 

The three reinforced concrete sedimentation tanks have a combined 
detention period of 2 hours at the design rate of flow. They are each 
80 ft. long by 16 ft. wide by 10 ft. water depth, and are equipped with 
Jeffrey conveyor-type mechanism for continuous removal of sludge and 
scum. The clarified sewage leaving the tanks receives a secondary 
application of chlorine and passes through 1,050 feet of 30 in. and 24 in. 
east iron pipe into deep water of the lake about 400 feet from shore. 

The sludge and seum collected in the sedimentation tanks flow to 
a sludge manhole, whence they are pumped by Chicago screw feed 
pumps to the two reinforced concrete sludge digestion tanks. 

The capacity of the sludge digestion tanks is 3 eu. ft. per eapita of 
contributory population. The tanks are circular in plan, 45 ft. in di- 
ameter and 21 ft. side depth. They are equipped with Hardinge mech- 
anism for stirring sludge at bottom of tank and scum at the top. Four 
coils of 2 in. wrought iron pipe are provided for heating the sludge. 
The roof slopes up to the center to a gas dome for collection of sludge 
eas. Excess liquor is decanted by gravity to the inlet of the sedi- 
mentation tanks. Digested sludge is discharged into a sludge chamber, 
from which it flows to the drying beds or can be re-cireulated by the 
sludge pumps. 

The two sludge drying beds are each approximately 40 ft. by 150 ft. 
in plan and have a total area equivalent to 0.5 sq. ft. per capita. They 
are glass enclosed and consist of 6 in. of sand and 8 in. of graded stone 
underdrained by 4 in. tile pipe, 6 ft. on centers. The effluent from the 
underdrains flows to the suction chamber at the head house. An over- 
head mono-rail system provides for removal of dried sludge. 

The boiler for heating sludge, together with appurtenant equip- 
ment and the sludge pumps, is located in a small heater house. Be- 








82 SEWAGE WORKS JOURNAL Jan., 1937 
tween this building and the sludge digestion tanks is an underground 
pipe gallery in which are located and readily accessible all sludge, gas, 
hot water and sludge sampling pipes. 

Laboratory facilities for control of operations are provided in the 
head house. 


OPERATION OF PLANT 


The Gulvin Park Plant was put in operation October 12, 1935. 
Prior to this date the trunk sewers, which were below water level, had 
been flooded continuously and as a result large accumulations of sewage 
solids, grit and grease had collected in the sewers and in manholes. 
When pumping started, the water level was reduced and velocities in 
the sewers increased. As a result, a large mass of partly digested 
sludge, grease and other matter was immediately brought into the plant, 
filling the grit sump and stalling the cleaning rake of the mechanical 
sereen. Great slabs of grease piled up on the manual screen when it 
‘ame into operation. After cleaning the grit sump, the automatic 
sereen was kept in operation continuously and was able to handle the 
large volume of matter which was swept in. Screening operations 
were further complicated by the operation of a canning factory which, 
through their faulty screening arrangement, dumped beet refuse into 
the sanitary sewer. For a time, it required the services of a man 24 
hours a day to remove and replace the cans which received the screen- 
ings. This difficulty was overcome, with the cooperation of the State 
Department of Health and the canning factory, by the installation of 
a new drum-type screen by the canning factory. 

Aside from these special conditions during the early operation of 
the plant, the screening operations have not been abnormal. Volume 
of screenings has gradually reduced from 382.5 to 11 eu. ft. per m.g. with 
an average of 12.2 cu. ft. Screenings are hauled twice daily to the city 
dump and burned. 

Chlorine is added to the screened sewage before it enters the sedi- 
mentation tanks, in order to reduce odors. Chlorine residual tests are 
made frequently during the day in order to maintain a residual of 0.5 
p-p.m. During dry weather, when the canning factory is not discharg- 
ing wastes, the chlorine demand averages 16 p.p.m., but when beet 
wastes are being received, the demand has reached 48 p.p.m. at times. 
With a very large dose of chlorine, it is possible to bleach out the or- 
ganic coloring matter from the beet wastes. 

Frequent bacteriological tests on the effluent are made by Mr. Eg- 
glington, City Bacteriologist. 

A summary of the operating results from Jan. 1, 1936, through 
Aug. 31, 1936, is given in Table I. 

The sedimentation tanks removed substantially all of the settleable 
solids and 77 per cent of the suspended solids from the screened sewage. 
B.O.D. was reduced 43 per cent, but the reduction was affected ad- 
versely by the organic load from beet wastes. Sludge was withdrawn 
twice daily to the sludge collection manhole. Drawing of sludge was 
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TABLE I.—Gulvin Park Treatment Plant, Geneva, New York 
Operating Data, January 1 to August 31, 1936 











| Average | Maximum | Minimum Average 
Item | Daily | Daily | Daily | Monthly 
(1) / (2) a) | @® | © 
Sewage flow in 1,000 gallons............. 1,545 10,125 300 46,949 
Screenings Cu. Ft. per million gallons 12.2 32:5 11.0 -- 
Raw sludge pumped 
OCLC 27) EE ee toe 1,369 2,300 890 41,469 
GES GEY BOMUR. 3.5 ih ob icd ace sabe ok se 1,380 - 41,500 
Per Gent SONGS: os c.tse ee’. PAK Ox - a8 1.0 1.6 
Per cent volatile matter.......... eigen - 76 62 70 
“10 Oa Rr gel once RT Pa besser? 2 we 6.6 6.0 6.4 
Digested sludge Removal 
CUBIC TECE . s c0ec's PSs eC ee 1,482 
Lbs. dry solids........ M8 in Sasieda tone Pelt kote. 13,250 
Per cent SOLIGS: 2. e446 es tits Hog sakecsrs 17.3 13.2 14.3 
Per cent volatile matter................ 36 30 34 
Rue ater eer over prcts a Lr A cateasiieanethe tavtents 7.3 6.8 7.0 
Gas Production 
CAIIC TCD. oes ss Se er a eee 12,003 18,926 1,201 364,585 
Per centH »S + COz....... go tationd beh esa 31.4 27.4 29.1 
Cubic feet per capita. ................. 0.7 1.1] 20 
Chlorine used—ppm................... 27.1 8.1 - 
Average Daily Results 
Item Influent | — 
(1 (2) Effluent Per cent 
° | Removal 
(3) 
| (4) 
Settleable solids—C.C. per Liter............ 7.3 0 
Suspended solids—ppm........ ee ee 332 75 77 
B.O.D. (Average monthly) ppm............. 468 266 | 43 
1 UA hee oars eee eee eae Sct eee Cia) | 


continued until the moisture content was about 99 per cent. The aver- 
age solids content of the sludge was 1.6 per cent. Sludge pumps were 
operated at the rate of 90 gallons per minute, pumping alternately to 
each digestion tank daily, a routine which has worked out very satis- 
factorily. Seum was removed from the sedimentation tanks twice daily 
and pumped to the digesters. 

One of the digestion tanks was seeded at the start of operations with 
60,000 gallons, 23 per cent of its capacity, of digested sludge trans- 
ported by tank truck from the Newark N. Y., sewage plant. Fresh 
solids and sewage were pumped to the tank until it was filled and suf- 
ficient lime added to maintain a pH of 7.2. The water seal of the gas 
dome was closed and the stirring mechanism started, resulting in the 
production of gas within a few hours. 

The second digester was seeded by means of supernatant liquor 
from the first tank, with the addition of small quantities of raw sludge 
and milk of lime from time to time. 








84 SEWAGE WORKS JOURNAL Jan., 1937 


A temperature of 86° F. is maintained in the digesters with very 
satisfactory results. Hot water is circulated at the rate of 1 cu. ft. 
per minute. The boiler has automatic temperature control and re- 
cording thermometers are located in feed and return lines. 

Gas production is measured by meters and is fairly uniform. It 
has varied from 0.25 to 1.11 and averages 0.7 cu. ft. per capita. 

No scum troubles have been experienced. Water sprays in the gas 
domes are operated ten minutes per day while pumping fresh sludge. 

Digested sludge is withdrawn to the digested sludge chamber when 
fresh sludge is pumped. From this chamber it flows by gravity to the 
drying beds. The sludge averages about 14 per cent solids with a 
volatile matter content of 33 per cent on the dry basis. 

Drying time on the beds varies from 15 to 20 days. The dried 
sludge is given to various clubs and nursery companies for use on 
lawns and shrubs. It is hoped that the results obtained thereby will 
create a demand for the sludge which will aid us to exact some revenue 
from its sale. 

The plant was constructed with Federal assistance under P.W.A. 
The aetual total cost was as follows: 


Treatment Plant complete ; : ik pak eee RawX RDO mo 
Outfall Sewer ......... ; rt Sere biarcate iS a5 30,000.00 


$183,204.32 


Operating expenses, exclusive of fixed charges, for the period Jan- 
uary 1 to August 31, 1936, were as follows: 


SOUS UE pane eae Rae Mais ee $3,645.00 
Electric power and gas . Sg ahs cole ahane rate nen 1,235.52 
NOTIN 22. cs sss VEE TEESE LOCC Te Ce Pe ee 494.79 
ee er ; Pe SO ae ee 111.638 
Maintenance : ere chprame mien inns thie aes 247.10 
Cleaning beds id ‘ ; fx imua earn tele Meise See Ie re 69.79 
Extra labor ; Aeccerea Sata ta ache hace eee ein SSeS Se 75.89 
Truck-gas oil ‘ cane kine Cees ee 40.70 
CP OY en eA eae Ae ee 208.56 


eres Re ae sshd Silence p weieen aod oye ead 
Million gallons treated 


TOTAL 


ren 375,597 


ost per million wallons ...<..65.56 6 oc cas ses ee 

Design of the plant and general supervision of construction was 
under the direction of the late Nicholas S. Hill, J2., Consulting Engi- 
neer of New York City. Myr. James W. Brennan, Citv Engineer, and 
Mr. Tom Bolin, Assistant City Engineer, were in direct charge of 
construction. The writer is in charge of operation and wishes to ac- 
knowledge the helpful cooperation of Mr. Brennan, the Board of Pub- 
lic Works and the Consulting Engineer. 














PROBLEMS IN SEWAGE TREATMENT AT STATE 
INSTITUTIONS * 


By Cuarues W. McBreen 


Chief Engineer, Rockland State Hospital, Orangeburg, N. Y. 


Rockland State Hospital, near Orangeburg, N. Y., is one of the most 
modern of the large group of hospitals for psychopathic cases devel- 
oped by this state in recent years. It was originally planned to care for 
about 5000 patients and employees. 

It is located in the open country about 2 miles directly west of the 
Hudson River and 17 miles north of the George Washington bridge 
plaza; it comprises a group of about 70 buildings, covering an area of 


nearly 250 acres. 





Sewage Treatment Plant, Rockland State Hospital, Orangeburg, N. Y. 


The sewage plant was designed for a population of 6000 at 200 gal- 
lons flow per capita; it was put into operation about Nov. 1, 1930, at 
which time the population consisted of only a few employees. The first 
patients were received in Jan., 1931; continuing from that date, the 
population increased until the latter part of 1931 it reached approx- 
imately 5000 and has continued about this number up to the present 
time. 

* Presented at the Fall Meeting of the New York State Sewage Works Association, 
Geneva, New York, October 9-10, 1936. 
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The plant consists of four Imhoff tanks, bar screen, three dosing 
tanks, trickling filters, secondary settling tanks, two glass-covered 
sludge beds, a pumping plant and a chlorination station. All sewage 
flows to the bar screen by gravity. 

The primary tanks are of the Imhoff type, with a grit trough at 
either end, and with piping so arranged that the flow can be reversed. 
Dosing tanks are single units, three in number, piped so one, two or all 
‘an be operated as required; each of the three tanks has a dosing 
siphon, and a capacity of approximately 3000 gallons at normal flow. 
We operate on one dosing tank, to equalize the spraying period of 
the trickling filter with the rest or filling period of the dosing tank. 
Tanks are alternated in use. 

The trickling filter has a pipe gallery in the center of the bed, with 
valved laterals running to either side. Type C full and half-spray 
nozzles are used, spaced 3 ft. from the outside of the bed. Each sue- 
ceeding lateral is run on 10 ft. centers in alternate rows of 7 and 8 noz- 
zles to each lateral. The filter media is 5 ft. deep, and is composed of 
two to three-inch crushed stone. The total area of the two beds is 
35,984 sq. ft. Nozzles on the end of laterals are removed semi-weekly 
during one dumping of the dosing tank, which flushes out any grease 
accumulations, thus obviating frequent cleaning of nozzles. 

We have never had any pooling; the fungus growth is average, and 
there is an abundance of ground worms. About July 1, 1936, we de- 
veloped one of the finest growths of snails you ever saw. A few weeks 
ago, the secondary tanks were cleaned, the sludge pumped to the glass- 
covered bed and when dried, I would estimate 4 or 5 bushels of these 
small snails in a pile where the sludge discharged into the bed. The 
top of the stone bed is covered with millions of these small scavengers. 
They first appeared at one end of the north bed, and their action was 
very interesting as they gradually increased until the entire bed was 
cleaned. 

The secondary sedimentation tanks are 45 by 15 by 11 ft. 6 in. deep, 
with three hopper bottoms in each tank. Each hopper has one suction 
pipe valved and connected to a sludge pump so any hopper can be 
pumped independent of the others. There are two units so one can 
be dewatered and thoroughly cleaned frequently; normally both tanks 
are in service. 

Each day sludge is drawn from one compartment. ‘There being six 
compartments in the two tanks, the complete cycle requires one week. 
This sludge, being quite liquid, was formerly pumped direct to the 
sereen chamber. Some difficulties have been experienced at times with 
this process. 

Two solution-feed chlorinators are used; one unit for pre-chlorina- 
tion, discharging at the point of entrance of the main sewer, the other 
for post-chlorination, discharging the solution into the line between 
the trickling filter and secondary tanks. 

There are three vertical pumps, with a total capacity of 1500 gallons 
per minute. 
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The outfall sewer extends approximately 4 miles from the pumping 
station to a small creek about 1 mile from the Hudson River. This 
sewer causes much annoyance to the population living in the vicinity 
of the discharge. While we are able to show a trace of chlorine at 
the outlet, we feel there is no cause for alarm. Nevertheless, there are 
certain periods when a fine algae growth appearing like paper pulp is 
very prominent at the outlet. 


SEWAGE PROBLEMS SOLVED AND UNSOLVED AT ROCKLAND 


Method 


Pumping of pre-digested 
sludge from hoppers of see- 
ondary tanks direct to raw 
sewage at screen, entrance of 


Result 


Found difficulty in keeping 
floc settled. Primary tanks 
hard to keep clean. At this 
time, slight foaming appeared 


This system tried for six 
months and discontinued. 

Result: Cleaner Imhoff tanks 
and absence of unsettleable 








Imhoff tanks. in primaries. floc. Foaming stopped, also 
pH value increased. Second- 
ary hoppers now pumped to 
drying bed. 


Middle of July, 1936, a Result: 75 per cent removal Question: Is it advisable to 
growth of small snails devel- of accumulated algae growth allow the stone to clear up 


oped in the beds, origin un- from stone in the beds. entirely, eliminating natural 
known. This apparently ac- Condition still prevalent. element necessary to bacteria 
counted for the continued un- Beds in better condition. growth? 


loading of the beds during 
the summer. 


Screenings per day, 4 cu. ft. 

Settleable solids, c.c. per liter: Influent —11.7. Effluent —0.38. Fil- 
tered effluent .24. 

40-45 Ib. chlorine per day. 

Chlorine residual, 0.4 to 0.5 p.p.m. 


The chlorine residual is taken at the suction of the pump after the 
effluent has passed through the secondary tanks, to get a more repre- 
sentative reading. 

Much undigestible material is removed from the bar screen. From 
150 to 200 pieces of usable laundry are returned to the laundry each 
week. This material is washed and sterilized, then returned to the 
buildings where it came from. Scrub rags and grease are most com- 
mon. 

The hospital has been extended to a greater capacity than originally 
intended, consequently it has become necessary to increase the capacity 
of the sewage works. Construction is now progressing on an addi- 
tional primary tank, trickling filter, glass-covered sludge bed, secondary 
sedimentation tank, and storage reservoir. A mechanically cleaned 
screen with screenings grinder is also being installed. These additions 
will increase the capacity fifty per cent, 
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DiIscUSSION 


By Henry Ryon 


Senior Sanitary Engineer, State Department of Public Works, Albany, New York 
k { i] J ‘ 


In general the problems in sewage treatment at state institutions 
are similar to those encountered in the treatment of municipal sewage. 
Institutional sewage has, however, certain characteristics not com- 
monly found in most municipal sewages. 

The first and most noticeable of these is the quantity of sewage that 
must be treated. Eighteen of the institutions of this state, with a total 
population of about 64,000, have fairly accurate means of measuring 
their sewage flow, and the average rate of sewage flow at these institu- 
tions, for the first half of this vear, was 170 gallons per eapita per day. 
The lowest rate was recorded at one of the prisons, where the average 
per capita flow was 100 gallons per day, and the highest at one of the 
hospitals for the insane, where the average per capita flow was 295 gal- 
lons per day. The peak rates of flow for short periods are generally 
about three times the average while the minimum rates drop in some 
cases to about 10 per cent of the average. 

These large flows are apparently not due entirely to dilution, for the 
settleable solids in the raw sewages average about 7 ee. per liter, while 
the total solids vary from 400 to 700 p.p.m., and the 5-day B.O.D. from 
200 to 400 p.p.m. 

This matter of rates of flow is, of course, a problem for the designing 
engineer rather than the plant operator. All pumps, weirs, siphons 
and similar equipment must be designed for the peak flows, and all units 
must have a greater per capita capacity than those usually provided 
for municipal plants, with the result that the cost of an institutional 
plant is much greater than that of a municipal plant for the same 
population. 

A second characteristic of institutional sewage which is very notice- 
able is the temperature. The raw sewage temperatures at different in- 
stitutions of this state vary from 60° F. to 90° F., with an average of 
a little over 75° F. These high temperatures are beneficial rather than 
detrimental at the sewage plants proper, particularly during the winter 
months, but they do interfere considerably with the operation of the 
grease traps. The usual arrangement at the institutions has been to 
install a concrete grease trap having a capacity of from 1% to 2 gallons 
per capita on the sewer from each kitchen. In many cases, however, 
the wastes are so warm that the grease will not congeal in these traps 
and passes on to the disposal plant. Recently the chief engineer of 
one of our institutions after a little experimenting found that he could 
partially correct this difficulty by turning cold water into traps. The 
kitchens were equipped with water cooled refrigerating apparatus, and 
the waste water from these machines served to cool the traps in a fairly 
satisfactory manner. The grease at this institution is particularly 
troublesome because a considerable amount of it congeals on the walls 
of the pump well and finally breaks off in lumps sufficiently large to 
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clog the 4inch centrifugal pumps which lift the sewage of the in- 
stitution. 

The grease just mentioned, is present in greater quantity in institu- 
(ional sewage than in the average municipal sewage. This requires 
more skimming of clarifiers and more attention to the gas vents of [m- 
hoff tanks because of the formation of scum instead of sludge. It has 
been found necessary in most Imhoff tank installations to provide pipes 
for drawing off the scum at intervals either into small separate diges- 
tion tanks or directly onto the sludge beds. At one institution where 
all the solids in the settling tanks rose to the top instead of settling to 
the bottom and could not be sunk nor readily dipped out by hand on 
account of the large volume, the chief engineer devised a rather novel 
means for removing these solids. He rigged up a crane with a boom 
long enough to reach all the gas vents and he built a bucket just large 
enough to enter the vents. This device has proved very effective for 
removing the heavy seum. 

Another peculiarity of institutional sewage, especially that from 
hospitals for the insane, is the large quantities of rags it contains. Bar 
screens, if frequently raked, will remove most of these rags, but the 
long narrow strips which patients seem to enjoy tearing from their 
sheets and feeding down the toilets will, if not immediately removed, 
work through the screens and clog valves, pumps and other apparatus. 
One institution has found it necessary to keep its mechanical sereen 
cleaner operating continuously to prevent rags from passing through 
the sereen. Another institution has installed manholes with spikes 
projecting from their bottom to catch the rags as they leave the build- 
ings and prevent their clogging the sewer lines. With some types of 
mechanical sereen cleaners trouble has been experienced due to rags 
hecoming wrapped around parts of the equipment. The average hos- 
pital recovers from 150 to 200 pieces a month, towels, scrub rags and 
underwear, at the screens and returns them to the laundry. The sal- 
vagable rags, of course, are only a small percentage of the total. In 
connection with the recovery of material from the sewage it may be 
interesting to note that when it was proposed to use a comminuter in- 
stead of a bar screen at one institution the superintendent promptly 
objected because the salvaged material would be lost. 

In his paper on the sewage disposal works of the Rockland State 
Hospital, Mr. MeBreen has mentioned the spread of snails over the 
stones of the trickling filters and the removal by them of the gelatinous 
coating of the stones. Some fear has been expressed that this removal 
of the coating may reduce the efficiency of the beds. At the Rome State 
School, a similar growth of snails started in one corner of one of the 
beds about two years ago and has spread until practically the entire 
area is now covered. The growth has eliminated the trouble previ- 
ously caused by pooling, and during this period the effluent, as indicated 
by the methylene blue test, has materially improved. This of course, 
does not prove that the increase in efficiency was due to the snails, but 
but does seem to indicate that the snails, so far as we now know, have 
as yet done no harm, 
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A rather interesting problem developed recently at the Hudson 
River State Hospital Sewage Disposal Works that may be of interest 
to operators having separate digestion tanks and gas generation. The 
plant has been in operation a little over three years and for the past 
year or so the gas production has been falling off until a few weeks ago 
it stopped entirely. After some investigation the chief engineer of the 
institution found that the wrought iron pipe line from the digestor to 
the heater house was so badly corroded that all the gas leaked out be- 
fore reaching the drip pot in the house. The corrosion was worst along 
the invert of the pipe. The cement joints in the tile pipe which en- 
closed the wrought iron pipe were also eaten away. The pipe was 
buried deep in an embankment and its replacement would have been 
rather expensive, but the trouble was promptly corrected by running 
a covered pipe overhead. While this is now serving satisfactorily and 
can be easily replaced if necessary, it would be interesting to know what 
kind of pipe will best resist the corrosive action of gas. 











IMPROVEMENTS IN TRICKLING FILTERS * 


By Karu Imnorr 
Consulting Engineer, Essen, Germany 


TRANSLATED BY F. W. MOHLMAN 


Various improvements in trickling filters have been proposed in 
recent years. All contributors to this development have agreed that 
the trickling filter can be dosed with sewage much more heavily than 
has heretofore been customary. However, the technical means for ob- 
taining these higher rates vary widely, and still more variable are the 
scientific hypotheses employed to explain the basis of the improved 
performance. 

Stroganoff (‘‘Aecrofilter’’) believed that the improvement was due 
to the use of artificial aeration and fine filter media. Bach and Blunk 
(‘*Vaeuum Trickling Filter’’?) emphasized the value of complete en- 
closure and aeration by suction,’ and Jenks ° (‘‘ Biofiltration’’) investi- 
vated the multiple recirculation of the filter effluent in combination with 
a detention tank.*. Halvorson * (‘‘Aerofiltration’’) claimed the essen- 
tial factor was continuous dosage at high rate, which prevented storage 
of solids in the filter.’ 

Fine material was used by Stroganoff (.2 to .6in.). It has not been 
proven, however, that one can avoid stoppage, in the long run, with 
such fine material. Halvorson and Jenks have obtained good results 
at high rates of dosage with coarse filter media (1.5 to 3.0 in.). There- 
fore fine material is not essential and it is not to be recommended. 

Artificial aeration was investigated and described in 1891 by 
Waring.*| He employed compressed air, which was blown in at the 
base of the filter. Hering,’ in 1909, used ventilators at Atlanta for the 
same purpose. Halvorson has reported that natural aeration of the 
filter oceurs through differences in the temperature of the sewage and 
the atmosphere. In summer the air current passes downward, in 
winter upward. <A temperature differential of 4° C. (7° F.) was suf- 
ficient for an air rate of 1 cu. ft. per sq. ft. per minute. Jenks, however, 
used a filter 3 ft. deep without artificial aeration. 

Enclosure of the filter has often been advocated. An example is 
the installation by Dittler in Naumberg in 1905. There the air was 
sucked through a stack 60 ft. high. In Dittler’s Austrian patent (No. 
36990, year 1907), the stack is called an ‘‘aspirator.’’ 

The return of effluent was first used in England. Dr. Fowler? 
adopted recirculation in 1911 and 1912 at Manchester for the purifica- 
tion of phenol-containing sewage. In the Emscher District at Essen, 
recirculation was used with the Stoppenberg®* trickling filter in 1913 
for the same purpose. In England recirculation is still used, for ex- 
ample at Bradford and Bury.’® At Manchester and Stoppenberg a 

* Received Jan. 15, 1937; abstract of an article to be published in Gesundheits-Ingenieur 
in February, 1937. 
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10-fold recirculation of effluent was practiced. Jenks recommended, 
in one ease, 6-fold recireulation with a dosage of 12 m.g.a.d. of the un 
diluted influent. Halvorson, in an experimental plant, recirculated 
dairy wastes 4-fold in order to dilute the B.O.D. to 200 p.p.m. 

Halvorson has demonstrated convincingly that continuous percola- 
tion at a high rate is extremely important. He recommends, in place 
of the usual dosage in American plants of 2 m.g.a.d., a rate of 20 
m.g.a.d., a 10-fold increase. He has obtained results at this rate almost 
as good as those obtained at the usual low rates. His observations 
throw a new light on many problems and the flushing action of the 
high rates of flow may furnish the explanation for the results obtained 
by other investigators, although explained otherwise by them. Le- 
vine" attained a dosage of 16 m.g.a.d. 

Odors and flies are avoided by enclosure of the filter. The high 
rate filter is also free from flies, according to the observations of Hal- 
vorson and Jenks, and the recirculation of the purified effluent prevents 
odors which may perchance be present in the influent. 

It must be determined, through further investigations in large sew- 
age works, within what limits concentrated sewages must be diluted 
by recirculation of effluent and by what type of construction artificial 
aeration may be obviated in spite of high-rate dosing. 
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Operators’ Reports and Suggestions 


W. D. Hatrretp 


219 Linden Place, Decatur, Illinois 


GADGET CONTESTS 


erated associations in gadget contests at their regular meetings. 


ashamed to present them, feeling that they were too simple.’’ 


Pictures AND DrawINnGs 


works and how it is made should accompany the illustration. 


W. D. Hatrretp 


CONTEST, GENEVA, N. Y., OCTOBER, 10, 1936 
First Awarp: SLUDGE GRINDER 
By JouHn R. Wooprorp 


Retired Superintendent of Sewers, Ithaca, N. Y. 


grinder section of an old cider mill. (Fig. 1). 
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An ever increasing interest is being shown by the individual fed- 


prize winning gadgets at the Ohio Sewage Works Conference were 
deseribed in the September issue of This Journal; in this issue are the 
winners of the New York Sewage Works Conference contest and the 
Central States Association. Some of the associations are offering 
cash prizes and others are presenting certificates of honorable mention. 

Mr. A. S. Bedell, Secy.-Treas. of the New York State Association 
writes, ‘‘Both the committee and myself are very well pleased with this 
new venture of ours, and from the conversations overheard it would 
appear that we can count on quite a number of exhibits at future meet- 
ings. It is the same story—many men had little gadgets but were 


In some eases pictures of gadgets are satisfactory, but in most cases 
line drawings with dimensions, on plain white drawing paper or blue 
drawing cloth, are more satisfactory. Wherever possible these draw- 
ines should be made on manuscript size paper 8.5 by 11 inches. The 
drawing should be made with the idea that they will be reduced to a 
size for the page in the journal. A short description of how the gadget 


NEW YORK STATE SEWAGE WORKS ASSOCIATION—GADGET 


Sludge grinder and shredder for processing dried sludge for use as fertilizer. Con- 
structed from a concrete mixer chassis (formerly driven by a gas engine) and the 
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SLUDGE GRINDER 


Seconp AWARD: LABORATORY CENTRIFUGE 
By C. G. ANDERSON 
Superintende nt of Sewerage, Rockville Centre, N. Y. 


A device for centrifuging sludge samples in the laboratory. Constructed from a 


four-blade electric fan with two of the opposing blades eut and bent into centrifuge 


tube holders, the remainine two blades being removed (Fig. 2). 
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LABORATORY SLUDGE CENTRIFUGE 











TuHirp AwarpD: AIR RELEASE VALVE 


> 


By Joun R. WooprorD 
Retired Superintendent of Sewers, Ithaca, N. Y. 

A device to bleed and overcome the air binding of a centrifugal pump. Constructed 
from a vertical check valve nippled to a ease made of three-quarter inch water meter 
bottoms; the case containing a composition closet float valve which actuates the vertical 
check valve (Figs. 3 and 4). 
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CENTRAL STATES SEWAGE WORKS ASSOCIATION—GADGET 
CONTEST, INDIANAPOLIS, IND., OCTOBER 29, 1936 


First Prize: AuToMATIC SAMPLER 
By GrorGE MARTIN 
Superintendent, Metropolitan Sewerage District, Green Bay, Wis. 


This sampler, which consists of a bucket or buckets mounted on a ladder chain, 
driven by a gear reducing motor, is so constructed that the buckets fill at the bottom of 
their run and discharge into a trough at the top of the run. (See Fig. 1.) As the speed 
of this unit is constant, the volume of sample collected can be changed by changing the 
number or size of the buckets. However, the speed of the motor can be changed by a 
rheostat in the motor cireuit. To take up slack in the chain the drop leg ean be lJength- 
ened. The parts and cost of this sampler are as follows: 

Flexo-Action Motorized Reduction Unit, Merkle-Korff Gear Co., 213 N. Morgan St., 


SEMA MMAR EE Doc LS chase. oie sb oss ole sh wih ool oe ass Sain ONG Ale bles aia selstels $5.15 
Bronze Sprockets No. CB3-10, Western Iron Stores, Milwaukee, Wis., 3 @ 85¢ ........ 2.55 
Brass Ladder Chain No. 2, Western Iron Stores, Milwaukee, Wis., 8 ft. @ 15¢ ........ 1.20 
NE rt Goo Te Ga isan ois Posen ee 8 wish s MISTS ee HIN Oo oe tw ala eo ONE RIOTS 1.00 

$9.90 


UI ONNED MT RCO Be Ss 7 ok ara oe Sao re wan we Aili cs cb bo wo wel alo ISIaL SiG BBall W.a oleate s wiae 
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SAMPLER 


Sampler Material Schedule 


1. Merkle-Korff Gear Co., 213 N. Morgan St., Chicago, Ill.—flexo-action motorized re- 
duction unit, integral shaded pole induction motor, clockwise rotation, output shaft 
speed 12 R.P.M., fan cooled. 
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2. Trough 314 in. long made of galvanized sheet iron (removable). 

2a. Trough supporting bracket. 

3. Buckets size as desired, made of galvanized iron (removable). 

3a. Bucket bracket soldered on outside of chain so that bucket is vertical when chain 
is traveling up. 

3b. Bucket counter weight (lead). 

4. Bronze sprocket, No. CB3-10, Western Iron Stores Co., Milwaukee, Wisconsin. 

5. Brass ladder chain, No. 2, Western Iron Stores Co. 

6. Drop leg 1 in. by 14 in. iron. 

7. Motor stand 2 in. by 4 in. iron. 

7a. Motor stand cross head 134 in. by 134 in. by 1 in., 534 in. long. 

8. Bolts (14 in). 

9. Mason jar (2 qt.). 

10. Rubber mat. 


SECOND Prize: PorTABLE TURBIDIMETER 
By D. E. BLoopGoop 
Engineer in Charge, Sewage Treatment Works, Indianapolis, Ind. 


The portable turbidimeter is used by the plant operator for determining the clarity 
of plant effluent by a method that is rapid and uniform, and it furnishes readings that 
are easily recorded for further use by the plant superintendent. 

The turbidimeter consists of a 114 in. (inside) 0.065 in. wall aluminum tube 68 in. 
long with a sleeved brass collar on the bottom, into which the brass moisture proof 
lamp ease screws. There are four ports in the cap which admit water but exclude all 
outside light. In the 1/32 in. metal disk there is cut a 34 in. cross of 0.012 in. opening, 
with the center closed off by a piece of metal not larger than 3/32 in. in diameter, to 
blank out the bright spot caused by the bulb filament. The operation of the lamp is 
identical with the ordinary two cell flashlight, except for the self-operating mercury 
switch, which consists of a non-conducting box, two platinum contact points and a drop 
of mereury. The mercury making the contact between the two points only when the 
turbidimeter is in a vertical position. 

The portable turbidimeter was calibrated by getting the submergence in effluents 
of known turbidity. In use the instrument is submerged to a point at which the eross 
disappears and then the seale on the side of the tube is read by looking into the six- 
sided mirror of the float. 

This gadet was designed and calibrated by Mr. D. O. Bender. 


Tuirp Prize: CHEAP Spacious 20° C. INcUBATOR 
By W. D. HATFIELD AND E. SCHLIE 
Sewage Treatment Works, Decatur, Ill. 


The accompanying diagram illustrates how a 20° C.-B.O.D. incubator can be made 
which meets the temperature specifications of 20° +0.5° C. throughout the entire 
chamber, and also has sufficient capacity to hold a 5-gallon carboy of dilution water and 
from 50 to 75 bottles for routine B.O.D. determinations or 20-day curves, ete. This 
capacity is not possible in the electrically operated 20° C. incubators now advertized on 
the market for prices from $250.00 to $495.00. (For the latter price an electrically 
operated refrigerator large enough to hold the dilution water bottle could be obtained.) 
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The price of the illustrated incubator, which has served us for years, is as follows 
5] d ] 


PO Uli pre ere ater NON ca eer sao ye ois ots oicie. nis and bie odie rar, 4 Sea dis wi aeen ee orotone tearoteraaete $50.00 
Gax-mercury thermostat and relay: 5 eie.c ia ieieis wise csseeiee stare HOR wie bln aime lace: ie elereueiwiecele 18.50 
Heating element. 
M /DO ps) THOUOR: aise cieterecsiaie:siciarelo: aie) e iene X°ns eid aisisiaiaaraiwiajeiale aheGio tele ceietans $1.75 
RM eente area NAS CCEA ISELIN) 9 a iter or vps o re 15 lig) 5.5 arse: Jian Sue wes: Who ensue eel dyatersiareae oe eats 15 
RMSE NES etch raison atin Gots ib ooce even el OeI aieLe OH) Soa aia rae Mi nleeiGl CF eimeua ees .40 
AOS OEE DENTS lois 875.610'e aie pcstane eh shane Wears drug rd ee. aia. Wiadeae does dieleip alates 80 3.10 
UST BSN eta ohew goa cn sie atnro se av Pe Lee vats 1h, kS alone Sia ew ANG apap Bey he ior GAS Rena ove ayeret $71.60 


The heating element is so wired that the speed of the fan is controlled by the num- 
ber of carbon bulbs used in the cireuit. The best method of operation is to use as few 
heating bulbs as possible. We are using only two of the four bulbs shown in the illus- 
tration. 

An important factor in the consumption of ice is the Celotex insulation over the 
hole below the ice compartment. This has reduced the ice consumption from 50 or 100 


bs. a day to less than 150 Ibs. a week. 

Under these conditions of operation the box is maintained between 19.75° and 
20.25° C. Better results would be obtained if the fan were wired on a separate circuit 
so that it operated continuously. In such a ease the fan speed should be reduced by a 
rheostat so that the air circulation is gentle rather than violent. 


HEATING ELEMENT AND CONTROL 
7% h.p. Motor 





; | | 
\ oo ; t —— 

Rel : : : 

—e ‘ 6" Fan Blade 
Power 16cp. Carbon Bulbs 

















Gas Mercury 














Thermostat 
j ay 
Gas Mercury if 
Thermostat LO.25" (CE 
To = —_ 100 LBS. 
oe 
2 Shelves | 
14zx 1685" } 
ZON25°C. 2E°Cs 
__ Celotex 
pee Insulation 





Seal. Bottle 
Dilution Water 















TQQQO Heating 
1 
Wee Element 





















Relay " Power 
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MORE EXCERPTS FROM THE DIGESTER 


Edited by W. H. WIsrELyY, Assistant Sanitary Engineer 
Illinois State Department of Public Health, Springfield 


Ray Corr GETS TO THE CORE SO THAT TROUBLE Won’t REecur 


Ray Corr (Woodstock), comes through with something of interest to activated sludg: 
plant operators. This is an excellent example of the manner in which operating re- 
ports and laboratory results can be used in a practical way. 

The raw sewage pH at Woodstock has been consistently about 7.4 and the normal 
activated sludge index well below 200. On about July 26, 1936, Ray noticed that the 
raw sewage pH began to drop and the sludge index began to increase, indicating the 
onset of bulking. A noticeable decrease in dissolved oxygen in the aeration tanks was 
also noted. 

Corr began looking for trouble right away and on July 28 he found an obstruction 
in the sewer to the plant that was holding back the sewage and allowing it to become 
septic (the reason for the drop in pH). The obstruction was removed immediately, 
but the bulking continued to become worse until August 5, when the sludge index reached 
a maximum of 550. 

By placing a spare aerator in service about this time, Ray began to overcome the 
trouble and within two weeks he brought the sludge index down to 115. At no time 
during the struggle did the plant effluent suffer greatly because Corr had found and 
corrected the cause at the very beginning. 


SoME WINTER OPERATION HINTS 


Chain Flight Settling Tanks: The application of heavy tractor oil to the chains has 
been found to eliminate ice formation which frequently causes chain breakage. 

Floating Cover Digesters: A little ice cream salt scattered on the surface of the 
narrow ring of scum between the wall of the tank and the cover is helpful in preventing 
ice formation at this point. 

Where the overhead gas line is used with this type of cover, a water connection for 
back-flushing the line combats freezing of condensate, according to Burgeson (Geneva). 

Imhoff Tanks: Frequent attention to gas vents will circumvent freezing. Don’t let 
a thick layer of scum accumulate. 

Mechanical Aerators: Hofland (Dwight) has found that covering this type of unit 
with a plank roof in winter eliminates ice trouble and does not interfere with purification. 

Corr (Woodstock) suggests painting vane type aerators with heavy tractor oil to 
serve the same purpose. 

Trickling Filters: In our original list we neglected to mention covering dosing 
tanks with a plank roof to prevent freezing of the siphon piping. This is done to good 
advantage at a number of plants. 

Corrington (Clinton) offers that closing two or three nozzles at the outer end of 
revolving distributor arms will eliminate the ice ring around the edge of filters of that 
type. 

Sand Filters: Schacht (West Chicago) advises the use of just enough filter beds to 
give a rest period that will give no more than a slight freeze between doses. 

And now, little operators, before you climb into your little sludge beds and tuck 
the sludge blankets under your chins, here are a few things to remember about plant odors: 
odors: 

1. Offensive odors come only from stale sewage and they form in the sewer coming 
to the plant or in the primary treatment units. 

2. Do everything possible to keep the sewage fresh during treatment. Some sug- 
gestions: 


(a) Keep sewers flushed clean. 

(b) Keep bar screens clean and clear so that sewage is not backed up into the outfall 
sewer to the plant. A mechanically cleaned screen is valuable where a large 
amount of screenings is received. 
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(c) Dilution of the sewage with stream water or plant effluent is helpful. For instance, 
you ean operate your final settling tank sludge pump continuously during critical 
dry weather periods, thus diluting the raw sewage with plant effluent. 

(d) In dry weather, reduce the detention period in the primary settling tanks to the 
minimum time which will permit good removal of settleable solids. In many 
plants having two or more primary settling units, it is only necessary to use one 
unit in dry weather. 

(e) The proper application of chlorine to the sewage will control the formation of hy- 
drogen sulfide. For best economy, chlorine should be applied to the sewage be- 
fore 3.0 p.p.m. of hydrogen sulfide is present. Don’t make a chlorination instal- 
lation without qualified advice. 

(f) Hydrated lime solution applied at some point on the outfall sewer to the plant will 
also keep the sewage fresh until it reaches the treatment units. Such treatment 
would be necessary only in extreme dry, hot weather. 


3. Any gases which have formed in stale sewage will be given off to the atmosphere 
wherever the sewage splashes or is sprayed, for instance at a sprinkling filter. The care- 
ful location of trees and shrubs, which serve to disperse odors, is helpful. The prevail- 
ing summer winds and location of property likely to be bothered should be considered. 

4, General cleanliness about the plant is essential. Don’t let piles of screenings or 
grit lay around. Keep channels, tank walls and walks clean. Don’t allow seum to ac- 


eumulate. 


ExtTrRACTS FROM Discussion ON Foamina oF DIGESTION UNITS 


What would happen if we hauled 10 tons of garbage a day to a hog pen which en- 
closed only 1 pair of hogs? Wouldn’t it be likely that this enormous amount of foul 
material accumulating day by day would create such conditions that even the hogs would 
soon become sick? If we load a sludge digestion tank with a large amount of raw sludge 
when the tank does not contain enough bacteria (hogs) to consume it, the same thing 
oceurs—the bacteria become sick and show it by causing the tank to foam, and that is 
how foaming so often results in starting up a new digester. 

Three ways to start a new tank into operation: 

1. “Seed” the tank first with active sludge from another digester (if available). 
completely digested sludge is no good 





The “seed” sludge must be actively digesting 
for this purpose. The use of dead leaves has been suggested for this purpose instead of 
sewage sludge. (We don’t guarantee this, however.) 

2. Start the tank slowly by adding small daily charges of sludge, gradually inereas- 
ing to the full daily charge. 

3. Use lime to delay full activity of sludge until a “seed” develops. The lime acts 
as a drug when used in this way and may be eventually discontinued. 

Some eauses of foaming: 

1. Excessive loading of a digester with raw sludge in an amount greater than the 
“seed” sludge can handle. A sludge storage tank or lagoon is necessary if the raw 
sludge load is too great. 

2. Seasonal variation of temperature in unheated tanks. In the winter, raw solids 
are added daily even though digestion activity is retarded because of low temperatures. 
In the spring, the activity of digestion increases with rising temperature and the di- 
gestion bacteria must “catch up.” They become overworked and foaming frequently 
results. 

3. Drawing too much sludge to the drying beds at one time may not leave enough 
seeding sludge for the digestion process to continue normally. 

4. Certain industrial wastes may cause foaming, among which are starch, milk or 
brewery wastes. 

What to do with a foaming tank: 

1. Cireulate supernatant liquor to gas collector or to gas vents (in the case of Im- 


hoff tanks). 
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2. Gentle spray applied to surface of foam is beneficial in control. Supernatant 
liquor, sewage or water may be used. This is particularly useful in Imhoff tanks because 
the additional supernatant liquor (if sewage or water is used) can be easily handled. 

3. Lime is helpful in controlling foaming but is not a cure. Adjustment of pH with 
lime assists in developing the proper conditions for good digestion. (Sample for pH 
of sludge should be taken from supernatant over actively digesting sludge.) A pH of 
6.5-6.6 at this depth is not too low. ; 

4. Chlorination of raw sewage has given beneficigl results at some plants. 

5. Resting a foaming tank (reducing the daily charge of raw sludge) will stop 
foaming, but this is only possible where more than one digestion unit is available. 


“SUNRISE BREAKFAST ”—QUESTION BOX 


Fatt MEETING OF THE New YorK STATE SEWAGE WorkKS ASSOCIATION, GENEVA, N. Y., 
OcToBER 9 AND 10, 1936 


IN CHARGE OF Morris M. Coun AND CHAS. C. AGAR 


Regarding the use of chlorinated iron for odor control as described at East Aurora 
can you give more details as to the method employed—turning scrap iron or tin cans to 
ferrous chloride? 

(H. A. Faber, The Chlorine Institute, Inc.) This method of preventing hydrogen 
sulphide odors is coming into increasing use because of its economy and simplicity. The 
type of tower used must be resistant to corrosion. Tile pipes, two or three feet high, 
joined with acid-proof cement are often used, and a rich cement. concrete tower is some- 
times built. At East Aurora a rather unusual one is in use made of a heavy wood tank 
set upright and coated thickly with paraffin for protection of the inner surface. In 
any type, the chlorine water from a chlorinator is discharged at the bottom of the tower, 
flows upward in contact with scrap iron turnings or stampings or erushed tin eans. 
The ferrous chloride so produced is run from the top of the tower into the sewage which 
is septic or contains hydrogen sulphide. Control is simple, as ordinarily the dose may 
be either fixed or changed only twice daily. The dose required may be easily determined 
because each 2 parts of chlorine, passing through the tower to produce ferrous chloride, 
will react with one ‘part of hydrogen sulphide. The method is economical because 
chlorine used alone reacts with organic matter as well as with the hydrogen sulphide, 
but the ferrous chloride reacts only with the hydrogen sulphide forming non-volatile 
iron sulphide and removing the odor-producing substance economically. 

Can the screenings from a %-inch bar screen be used in a digestion tank? 

(L. Luther, Supt., Freeport, N. Y.) At Freeport sereenings were first used in a 
digestion tank and caused no diffieultv—perhaps because stirring was earried out. Now 
these screenings are shredded and returned to the inflowing sewage. They cause no 
trouble from floating. 

(R. C. Sweeney, V. Y. 8S. Health Dept.) Observations at the North Adams, Mass., 
plant showed they had no difficulty in digesting such screenings and the operator of the 
plant mentioned none. At Cleveland, Ohio, solids did float, but there is a heavy indus- 
trial flow at the plant. 

(Chas. Agar, N. Y. S. Health Dept.) It may be a coincidence but North Adams 
is having trouble with scum formation in the digestion tanks. Seum has been encoun- 
tered 12-15 feet deep in the digestion tanks. The construction of the digesters is being 
changed in an attempt to remedy this—in the new plant—provision for stirring or re- 
circulation is to be provided. 

Mention safety measures required at sewage plants. 

(W. W. Watkins, Supt., Oneonta, N. Y.) At the Oneonta plant the digesters are 
conspicuously posted to warn against fire hazard. There are two open flames beneath 
the gas boilers, but no other “loose” gas is allowed. 

(Harry Eustace, Supt., Ithaca, N. Y.) Whenever the level in the digestion tank 
is drawn down particular precautions are observed. A safety lamp is used when the 
tank is entered, and the tank is first well aerated. 
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(L. H. Enslow, Editor, Water Works and Sewerage.) In his opinion round a 
properly engineered plant, signs are not essential. At Bristol, R. I., the explosion due 
to gas was due to inexcusable design. It is more economical to pay for danger-proof 
equipment in gas handling and proper precautions than for the results of an explosion. 

(Chas. Agar, V. Y. 8. Health Dept.). Believes signs are of real value to warn opera- 
tors and visitors. There may be leaks through the gas meter, through the superstrue- 
ture over the digestion tank, or where the flame is vented through the stack. The use of 
signs seems desirable in addition to precaution. 

If the pH changes from 6.0 to 7.0 does it go up or down? 

(KE. B. Phelps, Prof., Columbia Univ.) He asked this question because of the con- 
fusion that exists in the use of the term. While the number goes up the pH goes down 
(i.e., becomes less acid). Operators are accustomed to use the first term, chemists the 
latter. 

What is the best lime to use—pebbled unslaked lime, commercial hydrated lime, or 
agricultural lime—for the adjustment of digester pH? 

(F. A. Cary, Supt., Fairport, N. Y.) At Fairport, hydrated lime mixed with hot 
water has been found best. 

(Frank Holland, Commissioner, Freeport, N. Y.) The difference in limes is only 
a practical one. ‘“ Masons” lime is one containing 40 to 60 per cent magnesium. Other 
limes are 90 to 94 per cent calcium and only a trace of magnesium. Lime is hydrated 
to remove the heat of reaction, and leaves the same constituents. Steam is drawn off 
when slaking begins. 

(Chas. Agar, N. Y. S. Dept. Health.) Agricultural lime, or ground limestone, 
CaCO,, is not satisfactory for use in a digester, as this is only slightly soluble in water. 
Hydrated or “ Plasterer’s lime” is easiest to use. Whether it has a high calcium or 
magnesium content is not important as long as it will neutralize acidity. A high mag- 
nesium lime works satisfactorily. The pebbled or unslaked lime is merely a more con- 
centrated form of calcium oxide. When water is added the hydrate is formed. He 
suggests a high-grade hydrate lime or pebbled lime be specified; the first is easiest to use, 
the second generates much heat during slaking. 

(Wm. A. Ryan, Chemist, Rochester, N. Y.) The method of adding lime is more im- 
portant than the amount—ordinarily too much is added. If several additions of small 
amounts of lime are added to sludge less will be required than if one large amount is 
applied at less frequent intervals. 

(J. E. Ferris, Electro Bleaching Gas Co., New York City.) At the new Coney Is- 
land plant hydrated lime is used because it will not inerease the temperature while 
pebbled lime would. 

(H. M. Rath, Operator, Coney Island Plant.) Pebbled lime was first used at Coney 
[sland but beeause of mechanical difficulties the hydrate is more successful. The lime is 
added to the suction line to recirculating sludge pumps. 

(Chas. Agar, N. Y. S. Health Dept.) Observations over a period of years have 
shown the best method of application to Imhoff tanks (at least from a practical point 
of view) is to add dry lime to the gas vents. Though to add lime solution, or suspension, 
might be more efficient, the additional labor and time of application is impractical at 
most plants. By adding small daily increments and allowing them to dissolve slowly by 
not hosing down immediately this ean be made efficient. If added to sludge, small daily 
amounts should be added as the sludge is pumped into the digester. It is important, 
if the digestion tank is acid, to determine by batch samples the quantity of lime needed. 
Sixteen years experience has shown that with domestic sewage five to ten pounds of 
lime per day per 1000 population will correct acid tank conditions for average sewage. 
However, over a month may be required to bring this correction about. The best way 
is to prevent it from becoming acid. By properly starting digestion, no further lime 
additions need generally be made. Experiences at State Institutions have shown their 
sewage to be different from the usual domestic sewage. 

(R. D. Seott, Central Islip, State Institution, N. Y.) At his plant previously over 
100 pounds a day were required but this has gradually been cut to about 50 pounds a day. 

(Morris Cohn, Editor, Munic. Sanitation.) An experience with seeding a small 
septic tank in the country, in which 50 gallons of Schenectady sludge was to be used, 
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was cited. A drum of the sludge stood over a hot week-end with bung of the drum 
closed. So great a pressure developed that the drum swelled to a spherical shape. The 
fun came when someone had to ease out the screwed in bung-plug. The threads let go 
and he (Cohn) was the one needing renovation. 

Regarding prominence of chemical precipitation—how can sedimentation and co- 
agulation be improved without the use of chemicals? Can pre-aeration help? 

(Frank C. Roe, The Carborundum Co., Niagara Falls, N. Y.) Aeration of sewage 
coagulates solids and gives some grease removal. Twenty to thirty minutes aeration 
would increase a 50-60 per cent suspended solids removal to 70 to 80 per cent. The 
B.O.D. reduction will in general parallel the suspended solids removal. If the usual 
removal is 35 per cent, this may be increased to 60 per cent by the use of air. By this 
method, Dodge City, Kansas, secures a 60 per cent B.O.D. reduction. 

(A. F. Dappert, V. Y. S. Health Dept., Albany.) Is this due to solids removal on 
to oxidation of the oxygen demand substances? 

(Mr. Roe.) To both. 

(EK. B. Phelps, Prof., Columbia Univ.) Ile disagrees with this. Careful studies 
have shown that it is impossible to speed up the oxidation process by blowing air. Oxi- 
dation has been shown to be independent of the air present. 

(Wm. A. Ryan, Chemist, Rochester, N. Y.) At the Brighton, N. Y., plant aera- 
tion within the flow chamber of Imhoff tanks adds to the odor problem. It coagulates 
colloidal matter in the sewage but adds to the load on the trickling filter. With such 
aeration, activated carbon has been needed for odor control. The coagulated colloids 
do not settle well. 

(F. C. Roe.) About odors: The Washington plant has adopted pre-aeration to re- 
duce odors. When sewage is fresh, aeration will maintain its freshness. 

(H. W. Taylor, Cons. Eng., N. Y. C.) Has used post aeration to maintain oxygen 
content of sewage plant effluent. 

(L. H. Enslow.) With reference to Mr. Ryan’s use of aeration: This cannot be 
successfully employed in the flow-through chamber of the Imhoff tank. Separation of 
the contents of digestion compartment and liquid above the slots is none too good in 
this type of tank, and upward currents caused by this method of aeration result in seed- 
ing with fresh sulphide producing organisms from below. Now, by having a separate 
pre-aeration tank and no return sludge the method may be used to some advantage, pro- 
vided the air is sufficient to keep the sewage from going septie. 

(Joe Gilbert, Link Belt Co.) Lakewood, N. J., secured a 20 per cent reduction in 
solids by using paddle mixing and without the use of chemicals. 

(Morris Cohn.) It has been shown that solids may coagulate by shaking a sample 
of sewage. Cited evidence from Prof. Phelps. 

(E. B. Phelps.) A simple experiment carried out by repeated daily shaking of a 
sample of sewage in a bottle showed that mechanical impinging of particles produced 
a decided flocculation effect. Long-continued, the effect had been gradual purification 
of the sample. 

(L. H. Enslow.) At San Francisco, a 30-minute mixing period in paddle equipped 
tanks had been found equivalent to a large amount of chemicals. Such mixing was ex- 
pected to be used continuously and chemicals saved until necessary to secure additional 
purification through raising the flocculation effect. 

At Ithaca, N. Y., there is only one sludge digestion tank, 20 ft. deep by 50 ft. in 
diameter. About once yearly the level of the liquid drops suddenly about 3 ft. The 
tank is about three quarters above ground, and apparently is tight. How can this be 
accounted for? 

(W. W. Watkins, Oneonta.) Is there any increase in gas at the time the drop 
takes place? At Oneonta, this happens when there is agitation or when drawing sludge. 
He believes it is due to release of confined gas in the liquid and sludge. 

(Chas. Agar.) A conversation with Prof. Walker, Cornell University, Ithaca, 
brought out the fact that it is probably a seum problem. Gas pockets under the scum 
might cause the loss of liquid level. 

(Ogden Kerr, Operator, Ithaca.) Sludge is pumped at Ithaca twice daily now and 
scum trouble is not as great as previously. 
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What legal action can be taken to secure compliance of laws forbidding pollution 
y industrial waste? 

(A. F. Dappert.) Pollution may be of two kinds: (1) Industrial waste alone; (2) 
Industrial waste with sewage. There is a state health law requiring the submission of 
plans for application to dispose of waste. If no permit is obtained by the industry there 
is a penalty if stream pollution is started. When industrial waste is mixed with sewage 
the State law covering this condition states that the discharge of quantities injurious to 
public health is forbidden. The Commissioner notifies the municipality or industry 
concerned with a notice to show why an order to discontinue should not be issued. This 
order if approved by both Attorney General and Governor becomes valid. It has been 
applied in only two eases. In an action against the City of Buffalo, it was signed, but 
in the ease of Auburn, the order was issued but never signed. Much work is being 
done in an attempt to have industrial waste treated—from the point of view of educa- 
tion of and co-operation with industry. 

What is the latest and best method of disposing of the supernatant liquor from di- 
gesters? 

(F. C. Roe.) This question came up at the last Ohio Conference, and there lagoon- 
ing or disposal on sand beds seemed the most practical method. 

(Louis Illig, Harlem Valley State Hospital, Wingdale, N. Y.) At this plant the 
digester supernatant is returned to the raw sewage. 

(L. H. Enslow.) The primary problem is to reduce this supernatant to a mini- 
mum volume, regardless of disposal method practiced. Some help is given by con- 
centration of sludge prior to its digestion and the best operated plants concentrate the 
fresh input of sludge in some manner. This reduces the degree of elutriation through 
the digesters. There is a toxic effect when supernatant is returned to raw sewage and 
the less the better. Applying it to sludge beds can be greatly improved by addition of 
chemicals for most effective dewatering, by floating the solids above the liquid. La- 
gooning is satisfactory if area is available and if plant location is suitable. The axiom 
should be: minimum liquid input to digesters means minimum digester disturbance and a 
minimum supernatant problem. 

Unreached questions (17) were read by Mr. Cohn and names of persons assigned 
to answer were given for the benefit of the members submitting them. The meeting 
then adjourned to visit the new Geneva Sewage Treatment Plant. 


INSTRUCTIONS FOR OPERATION OF IMHOFF TANKS 


By TenneEsSEE State DEPARTMENT OF Pusiic HEALTH 


Roy Morton, Chief Engineer 


In order to obtain satisfactory and effective operation from an Im- 
hoff tank it is necessary that a certain amount of attention be given to 
it regularly. Such attention will require a comparatively small amount 
of the operator’s time but if this attention is not given, the tank will 
cease to function properly in a very short time and considerable nui- 
sance will be encountered. It is a disagreeable and expensive task to 
correct operating troubles when the plant has been neglected. The fol- 
lowing instructions are prepared to guide the attendant in operating 
the tank and if faithfully carried out satisfactory results should be 
obtained. 

As there is but one large installation of Imhoff tanks in Tennessee these instructions 


are prepared specifically for the smaller plants although in general they apply to all 
installations. 
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I. Care of Channels.—All channels should be kept open and free of 
solid material, such as grease, scum, grit, ete. Flushing the sides and 
bottoms with a hose is the best method for doing this. If water under 
pressure is not available good results may be obtained by scrubbing 
the channels with a broom or brush. 

II. Care of Flowing-through Chambers.—1. All floating material, 
such as matches, sticks, grease, etc., should be skimmed off daily and 
thrown into the gas vents. Bottles, rags, and other large material 
should be removed and buried. No scum or decomposing material 
should be allowed to accumulate in the flowing-through chambers or 
offensive odors may result. . 

2. The walls and sloping bottoms should be scraped down with the 
squeegee at least twice weekly, and the solid material pushed through 
the slot. Scraping should be done carefully in order that no solid 
material will be stirred up to pass on through the outlet. In ease the 
squeegee cannot be pushed through the slot it will be necessary to clean 
the slot by dragging a chain through it, using a saw-like motion. The 
walls of the flowing-through chambers above the water line should be 
washed or scrubbed down in order to remove any clinging material. 
The squeegee may be easily constructed from the attached plan. 

III. Reversing the Flow.—In some plants provision is made for 
reversing the flow of sewage through the tank. This is necessary in 
order to permit even deposition of the sludge and to obtain a sludge of 
more uniform composition. The flow should be reversed at least once 
a month and preferably every 15 days. 

IV. Care of Gas Vents.—At least twice weekly the scum in the gas 
vents must be broken up with the churner or hose stream if water is 
available. This is necessary in order that the floating material, which 
has been raised by gas formed during sludge digestion, may settle to 
the bottom. If this is not done consistently the seum will accumulate 
to a depth of several feet, resulting in considerable odor nuisance. It 
may even be necessary to remove the material from the tank and bury 
it, an expensive and disagreeable process. If water is used for break- 
ing the scum it should be used sparingly and at frequent intervals. If 
too much water is used at one time some of the solid material will be 
washed up through the slot, interfering with sedimentation, which re- 
sults in a poor and offensive effluent. The walls of the gas vents should 
be washed or scrubbed clean to prevent any decomposing material from 
clinging to them. 

V. Measurement of Sludge.—In order that the operator may know 
the rate at which sludge is being deposited, it is necessary that the 
depth of sludge be measured at intervals not exceeding two weeks. 
This may be done by the use of a sounder, constructed of a flat conical 
pan with a weight at the center. The depth of the sludge may be meas- 
ured from the top of the tank. In no case should the sludge be allowed 
to rise higher than within two feet of the slots in the bottom of the 


flowing-through chamber. 
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VI. Removing Sludge.—Sludge should usually be drawn about once 
a month when the tank is operating about to capacity. During the 
winter months it will probably not be necessary to remove sludge un- 
less trouble is experienced or the sludge rises to within two feet of the 
slot. Well-digested sludge is black and has very little odor. Only this 
well digested sludge should be removed. It is better to draw a small 
amount of sludge at frequent intervals than to draw a large amount in- 
frequently. Undigested sludge is gray and none of this material should 
he drawn. As soon as the first gray color appears no more of the ma- 
terial should be removed. It is necessary that some digested sludge 
be left in the tank in order to assist digestion of the remainder. Sludge 
should always be removed slowly or the heavier undigested sludge may 
be foreed out of the tank. The sludge in the riser pipes will sometimes 
become eaked and the material will not flow when the valve is first 
opened. If the tank is not equipped with water pipes along the bottom 
for loosening the sludge, flow may be started by rodding the riser pipe 
or by jetting with a hose fastened to a rod. After sludge has been 
removed the riser pipe should be filled with water to prevent the sludge 
from eaking. 

VII. General—Water under pressure is a very material aid in the 
operation of this type of tank. Whenever possible a water line should 
be provided. In some cases a small pressure pump has been used to 
pump clarified sewage for flushing and cleaning purposes. 

The plant should be inclosed within a suitable fence in order to pre- 
vent accidents and depredations. Wood covers have not proven satis- 
factory as they interfere with proper operation. 

All valves, gates, and other appurtenances should be tested regu- 
larly to see that they are in good operating condition. 

Blank forms will be furnished by the State Department of Public 
Health on which a permanent record of operation may be kept. 


SUGGESTIONS TO SEWAGE PLANT OPERATORS 


By Texas State Department oF HEeaLttH 


V. M. Enters, Chief Engineer 


In various sections of the state sewage plant operators have re- 
ported considerable trouble with foaming in the Imhoff tanks. As a 
result, filters are being clogged, odor nuisance occurs, and an inferior 
effuent is discharged. Foaming in the tank indicates that the process 
of sludge digestion has been interfered with, caused by any number 
of factors, one or more of which might be the following: 


1. Occasionally mash, milk plant waste, or other acid producing ma- 
terials may be dumped into the sewer system. 

2. The operator may have drawn too much sludge at one time, leaving 
an insufficient amount of ripe sludge in the tank to seed properly 
the incoming raw solids. 
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3. The tank digestion capacity may be too small. 

4. Sudden changes of temperature which produce an acid condition 
). Unbalanced biological conditions and other unknown factors. 

It is possible to overcome some of these adverse conditions by institut- 
ing a few changes in the operation attention given the tank. Some- 
times, however, if the tank is entirely too small, it may be necessary 
toadda unit. The following suggestions may improve conditions: 


a 


bo 


. Resting the tank. 


He 


>) | 


If daily attention is given to the sewage treatment plants, a great 
many of the difficulties of operation may be anticipated and prevented. 





in the tank. 


Remove the scum from the gas vent, thereby minimizing gas pres- 
sure. 
Add dilution water, stirring the sludge and submerging the scum. 


Changing the pH of the tank to 7.2 by the addition of lime. This 
means an alkaline sludge rather than an acid sludge. 

Using a simple scum removal device perfected by Edgar Whedbee 
of Dallas and now in use in a number of cities. The foaming 
material is removed from the gas vents by the installation of 
a scum withdrawal pipe. The open upper end is submerged 
in the scum, a plunger plug is inserted below the horizontal dis- 
charge line, the valve is opened and scum flows through the out- 
let pipe by gravity. This material is then placed on drying beds. 
The sludge beds may be utilized for this purpose. In designing 
new plants, provisions should be made for scum removal and 
seum drying. 























Editorial 


ACTIVATED SLUDGE IN AMERICA AND ABROAD 


The deseription of the West Middlesex plant in this issue, page 111, draws attention 
to the culmination of two decades of activated sludge development in England. Before 
the completion of this plant, the largest diffused-air activated sludge plant in Great 
Britain was the new Manchester piant (Davyhulme), described in this journal, page 
765, July, 1935. The Davyhulme and West Middlesex plants are representative of the 
most advanced design of aix-diffusion plants in England. In America there are a num- 
ber of large plants which typify the usual American practice in design of activated 
sludge works. These plants include Indianapolis, Milwaukee, Chicago North Side, 
Cleveland Easterly, Chicago Calumet, Ward’s Island (New York), and. Chicago South- 
west Side. On the whole, the differences between the English and American type of 
plant are not great, but apparently there has been a progressive development in Amer- 
ica toward design of large units which has tended to decrease the cost, without loss of 
efficiency. The earlier American plants included aeration tanks 15 ft. deep and 15 ft. 
wide, but in more recent design greater widths of channels are being used, for example, 
34 ft. at the Calumet Works and 32 ft. at the Southwestside Works. The English 
plants have not as yet exceeded a width of 15 feet. American plants seem to be designed 
for aeration alone, whereas in England re-aeration of sludge is usually included. It 
is surprising that English engineers have provided re-aeration in view of the long 
aeration periods customary in that country. It may be that this practice follows the 
precedent of experience at Birmingham, where re-aeration was shown to be of value, 
with partial aeration for very short periods of one hour or less. Just why this should 
be carried over into complete treatment plants with aeration periods of 8 to 12 hours 
is difficult to understand. Practiealiy all experience in the United States has failed to 
show any clear-cut benefits from re-aeration. These conclusions have also been reached 
in large-scale experimental work in Germany. 

Another major difference between the large English and American plants is the 
provision for thorough pre-sedimentation in English plants, where the settling periods 
range from 1 to 4 hours, whereas in America 15 minutes to 1 hour is considered suffi- 
cient. A very puzzling feature of design in the West Middlesex plant is the provision 
of two stages of preliminary settling, as described on page 112 of this issue. The first 
stage, in circular settling tanks, undoubtedly removes a large proportion of the settle- 
able solids; the second stage, with rectangular tanks and Mieder sludge scrapers, must 
settle only the suspended solids of very low specific gravity, possibly difficult to be re- 
moved by the Mieder-type scraper. It would be of interest if the designer would ex- 
plain why two stages and two types of tanks were used for preliminary settling. With 
weak American sewages, for example the North Side at Chieago, it has been found that 
practically no difference in air consumption ean be demonstrated whether the sewage is 
pre-settled or not. It must be remembered that this sewage is comparatively weak and 
the concentration of solids in the aeration tank is maintained at a low average amount. 

Final settling tanks in England are usually small, resulting in a large number of 
units, such as the 40 tanks at West Middlesex, each only 60 ft. in diameter. The settling 
tanks at the Chicago-Southwest Side are 125 ft. in diameter. In American design the 
settling rates of final tanks have been pushed to higher rates than in England, but in- 
creased capacity has not been reached by any rule-of-thumb procedure but is based on 
study of a large amount of data from the various American plants in which mechanically 
cleaned final settling tanks have been used. 

In the disposal of solids English plants have followed precedent to a large extent, 
although the efficient use of digestion gas on a large scale has reached tremendous pro- 
portions at the West Middlesex plant. In America the Cleveland Easterly Works will 
include digestion and utilization of gas, but the other American plants mentioned use 
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different procedures such as: fertilizer production at Milwaukee; incineration or fer- 
tilizer production at Chicago Calumet and Southwest Side; and, tentatively disposal at 
sea for Ward’s Island. The Milwaukee plant now has a long record of operating ex- 
perience in disposal of sludge as fertilizer and with the improved economic conditions 
the procedure makes a much better showing than during the depression years. There 
does not seem to be a standard or stereotyped formula for sludge disposal in America 
but, of course, this is also true of the West Middlesex plant, where sludge disposal in 
many respects is similar to American procedure in smaller activated sludge plants. Mr. 
Watson has had long years of experience in two-stage digestion at Birmingham and 
his adoption of two stages at West Middlesex, including heat and gas collection in the 
first stage, is based on a wealth of experience and good judgment. 

Activated sludge in Germany and on the Continent has not reached the large seale 
of development found in England and the United States. The Essen Rellinghausen 
plant is still outstanding in Germany although it is only a small unit. Some large-seale 
development has occurred at Berlin and possibly the process will be utilized there if the 
eurrent interest in utilization of sewage for land sprinkling does not run away with 
the good judgment of the German engineers. Most of the developments in Germany 
have related to details of design of small units. The paddle wheels at Essen Relling- 
hausen have not been used widely although there is a plant of this type at Helsingfors, 
Finland, and there are several in the United States, including Phoenix, Arizona, and 
Muskegon Heights, Michigan. In Germany the use of biological surfaces has intrigued 
the thoughts of investigators, but the experimental work has not resulted in any large- 
seale development. 

In Holland, Dr. Kessener has developed types of mechanical aeration 
plants which are quite ingenious and in his writings he shows a profound grasp of the 
fundamental principles of the activated sludge process. Notwithstanding the few and 
small activated sludge plants in the Netherlands, Dr. Kessener must be considered one 
of the foremost practitioners of modern activated sludge treatment in the world. 

Mechanical aeration has, of course, had a long history of development, partieu- 
larly in England. The Haworth system of channels has reached its greatest develop- 
ment at Sheffield and this scheme has also interested the French and Japanese. It has 
The Simplex type of aeration has spread 


for small 


had no development whatever in America. 
over the world but mainly in medium or small plants, except in Japan and England. 
There are many prototypes of the Simplex mechanical aerator, particularly within the 
past few years in America. Undoubtedly this type of aeration appeals to the inventive 
genius of engineers and we may expect more general use of these plants for small eom- 
munities. Various types of activated sludge plants have been studied in Italy and 
Russia although no large activated sludge plants are now operating in either country. 
Russia may come forward with considerable development of the activated sludge process. 
Small plants are operating in India with a larger plant recently completed at Bombay. 

As one surveys this far-flung area of activated sludge plants it is apparent that the 
process is universally relied on as a practical method of treatment from the smallest 
In the large plants there is comparatively little variation in type 


to the largest works. 
Tt is a tribute 


of design and no profound changes have occurred for the past ten vears. 
to the plants now eight or ten years old, such as the Indianapolis, Milwaukee and 
Chieago plants, that no radieal changes have occurred in the more recent design of super 
activated sludge plants, such as those at Ward’s Island and Chicago-Southwest Side. 
The record of development by American engineers has been sound and design of plants 
has been shown to be based initially on good engineering and good economies. 


a. NV. M1. 
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ENGLAND’S GREATEST ACTIVATED SLUDGE PLANT 
WEST MIDDLESEX MAIN DRAINAGE SCHEME 
MOGDEN WORKS 


JOHN D. Watson, Chief Engineer 


Memorial Program for the Inauguration of the Works by the Right Honorable Sir Kings- 
y Wood, M.P., Minister of Health, October 12, 1936. 


Reviewed by F. W. Mohlman 


The Mogden Works of the West Middlesex Main Drainage Scheme was officially 
inaugurated by formal ceremony October 12, 1936. This great activated sludge plant 
is by far the largest in the British Empire, and is exceeded in size and cost only by the 
Southwest-West Side Works of the Sanitary District of Chicago. The Mogden plant 
has been under construction for the past five years. A description of the scheme was 
published in This Journal in November, 1933, page 1055. Details of design have not 
been published but it is reported that a technical description of the design will be pre- 
sented by Mr. David Watson, son and partner of John D. Watson, the chief consulting 
engineer, at a meeting of the Institution of Civil Engineers in February, 1937. 

The West Middlesex district lies west of London on the Thames River. It e¢om- 
prises an area of 160 sq. miles, with a population of 771,000 in 1931 and estimated at 
1,075,000 at the present time. It is expected that the population will reach 1,250,000 in 
1940. The district embraces 16 local authorities, which were served by 28 separate 
sewage works prior to the concentration at the new plant. 

A Parliamentary grant for the works of £4,290,000 was made in 1931. It was 
stipulated that 90 per cent of the men employed on the works should be obtained 
through the employment exchange, 70 per cent of whom should be drawn from distressed 
areas. The cost of the total project was estimated at £5,250,000, divided into £3,250,000 
for main sewerage and £1,287,000 for sewage purification and sludge disposal works 
for a population of 750,000. Because of an unexpectedly rapid rate of increase of 
population in this area, the plant capacity was enlarged to 1,250,000 and the sewers 
to 2,000,000, estimated to be the ultimate population of the district. The total eapital 
expenditure is therefore now placed at £5,500,000. 

Sewage was first run into the treatment works Dec. 14, 1935, and after a pilot run 
of the new works the program of main diversion from the existing systems was suc- 
cessfully carried out between February and May, 1936, since when the new plant has 
been in continuous operation. 

MAIN SEWERAGE 


The sewerage system has been designed to deliver a total flow of 690,000,000 U. S. 
rallons per day to the treatment works, with a dry weather flow estimated at one-sixth 
this amount, or approximately 115 m.g.d. The dry-weather flow at the start of opera- 
tion was found to be approximately 48 m.g.d. from a population of a little more than 
one million. 

The sewers range from 21 in. to 12 ft. 9 in. in diameter and the total length is 67 
miles (Fig. 1). About 75 per cent of the flow is conveyed by gravity and the remaining 
25 per cent is pumped through a riser 50 ft. to the treatment works at Mogden. All 
flows discharging into the main sewerage system are measured by gauging flumes. 

The sewerage construction totalled 1,100,000 cu. yd. of exeavation and 375,000 eu. 
yd. of concrete. The materials included some 75,000 tons of Portland cement, 35 mil- 
lion bricks, 45,000 tons of cast iron and 10,000 tons of steel. 
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Fig. 1. 


Junction chamber, 9 ft., 10 ft. 9 in. and 12 ft. 9 in. sewers. 


MoapEen PuriFIcaATION WorRKS 


The treatment works now occupy an area of 45 acres out of 70 reserved for ulti- 
mate requirements. The various steps in the treatment comprise screening, grit re- 
moval, preliminary settling in two stages, aeration with activated sludge, final sedimen- 
tatien and discharge of effluent through multiple outlets (Figs. 2 and 3). Storm water 
tanks are provided for settling only of flows in excess of three times and up to six times 
the dry weather flow. Sludge is digested in primary heated digesters at the Mogden 
Works, thereafter pumped to the Perry Oaks site for further digestion in open tanks. 
The digested sludge is dewatered on open-air sand beds. Gas collected at Mogden is used 
for power production in gas engines, whose cooling water is circulated through coils 
in the digestion tanks to heat the sludge. 

Screening and Grit Removal.—There are six units of coarse screens, each with a 
capacity of 114 m.g.d. Each unit is equipped with a hand-cleaned coarse rack with 
bars 4 in. apart, followed by a mechanically cleaned bar screen with bar spacings of 
34 in. The screenings are transported by belt conveyor to the disintegrator plant, where 
they are macerated and discharged back into the sewage. 

There are six grit chambers each 90 ft. long. The detention period is 1.5 minutes 
at the designed flow of 1 ft. per second. The grit is removed by suction dredging and, 
after further washing, is pumped to settling ponds for disposal. Flows from the grit 
chamber in excess of three times the dry-weather flow are treated in the storm water 
tanks. 

Primary Sedimentation—Sewage flows up to 3 times d.w.f. are settled in two 
stages prior to aeration. There are first 8 circular tanks, each 95 ft. in diameter and 
12 ft. deep, with a total capacity of 5,400,000 gallons. The sludge is removed by “an 
electrically operated revolving bridge type mechanism.” (With the design d.w.f. of 115 
m.g.d., the total displacement will be approximately 1.1 hr.) Following the circular 
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tanks is a battery of 4 rectangular tanks, each 200 ft. long by 150 ft. wide by 12 ft. 
deep, with a total capacity of 10.8 m.g., giving twice the settling period of the cireular 
tanks. A Mieder-type single scraper is used to sweep the sludge to hoppers at one end 
of the tanks, whence it is removed by hydrostatic head. Each tank is divided by a 
longitudinal baffle, making a width of 75 ft. to be spanned by the Mieder scraper. 

Stormwater Tanks——Flows over 345 m.g.d. are diverted to the 8 stormwater tanks, 
each 230 ft. long by 150 ft. wide and 12 ft. deep, with a total capacity of 24mg. A 
Mieder-type scraper is used for removal of sludge. 

Aeration Tanks.——There are two batteries of aeration tanks, each battery contain- 
ing six units. Each unit consists of 4 channels, 400 ft. long, 15 ft. wide and 12 ft. deep. 
The total capacity is 24 m.g. One battery is designed on the “ spiral-flow ” basis, with 
two rows of 8-in. diffusers on one side of each channel, while the other is arranged on 
the “ longitudinal ridge-and-furrow ” principle, with three rows of 6-in. diffusers spaced 
at 5-ft. centers. Four of the aeration tanks can be used for reaeration of sludge. 

Final Settling Tanks—The mixed liquor from the aeration tanks is settled in 40 
final settling tanks, each 60 ft. in diameter and with a total capacity of 12 mg. The 
upward velocity will not exceed 7.5 ft. per hour. Sludge is removed by a rotating 
ring-type mechanism. Provision has been made for returning 15 to 50 per cent of 
sludge, based on the sewage flow. Waste activated sludge can be returned to the inlet 
of the primary tanks or pumped directly to the digestion tanks. 

The final effluent is discharged into the Thames through twin 11-ft. conduits, termi- 
nating in twelve 6-ft. outlets spread over a length of about 400 yards. Effluent can be 
passed through the stormwater tanks, if desired, before discharge. 

Supplementary Construction.—Three additional units of aeration tanks and 12 
final tanks are now being added, because of the unexpectedly rapid increase of tribu- 
tary population. 


SLupGE DIsposaL 


Primary Digestion—All sludge is combined and pumped to two thickening tanks, 
each 35 ft. in diameter with 20 ft. water depth. The thickened sludge is digested in 
twelve circular digestion tanks, each 70 ft. in diameter, with a total capacity of 12 
m.g. Four tanks, each having a side depth of 32 ft. and a center depth of 34 ft., are 
equipped with stirring mechanisms and have fixed roofs (Fig. 4). The remaining eight 
tanks, each having a side water depth of 32 ft. and a center depth of 51 ft., are provided 
with gas holders of the spiral carriage type, with a total capacity of 250,000 cu. ft. 

Secondary Digestion and Dewatering.—The sludge, after remaining in this stage of 
digestion for about a month, is pumped through a 12-in. pressure line (in duplicate) 7 
miles to the Perry Oaks site for final digestion and drying. This plant covers 240 acres. 

The partially digested sludge from Mogden is delivered to a battery of 10 circular 
tanks, each 100 ft. in diameter, 30 ft. deep at the side and 34 ft. at the center, without 
mechanism or covers. The total capacity is 18 m.g. (Fig. 5). 

Sludge is dewatered on 50 acres of sludge-drying beds, divided into 62 plots of ap- 
proximately 4,000 sq. yd. each. These beds are formed of sand and gravel obtained 
from the site. The beds are 18 in. deep, graded from 2-in. coarse gravel at the bot- 
tom to a layer of sand at the top. Dried sludge is removed by hand. The beds are 
underdrained and the sludge liquor is returned to the Mogden Works for treatment. 
The entire site is encircled by an impervious wall of puddle clay, to prevent risk of 
contamination of the sub-soil water. 

Gas Collection and Utilization—The twelve primary digestion tanks are expected 
to collect about 800,000 cu. ft. per day of gas with a calorific value of 650 B.T.U. This 
is used for operation of 10 gas engines, 6 direct connected to blowers, and 4 to genera- 
tors (Fig. 6). The waste heat from these engines is used to maintain a temperature of 
80° F. in the digestion tanks. The 10 engines are convertible to Diesel operation. Each 
is rated at 550 h.p. on gas and 650 on oil. 
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Fig. 5.—Perry Oaks sludge disposal works. 
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Each of the 6 blowers has a capacity of 12,500 eu. ft. of air per minute at 7 Ib. 
per sq. in. pressure. The generators produce direct current at 460 volts, used for 
pumping sewage and sludge, lighting, and for miscellaneous purposes. 

The sludge gas is expected to produce 15 million h.p.hr. per year, estimated worth 
at least £20,000. 

Pumping.—Sewage is pumped by 12 vertical-shaft centrifugal pumps, 6 of 5000 
g.p.m. each, driven by electric motors of 160 h.p., the remaining 6 for stormwater duty, 
each with a capacity of 18,000 g.p.m., driven by Diesel engines of 500 h.p. each. 

Construction Details—The construction of the sewage works comprised 2,250,000 
eu. yd. of excavation and 225,000 eu. yd. of concrete. Materials used included some 
350,000 tons of sand and gravel, 45,000 tons of Portland cement, 8000 tons of steel, 
4000 tons of steel and 3 million bricks. 








Fig. 6.—Power and compressor house. 


Administration—The plant is operated under the direction of C. B. Townend, 
Engineer-in-charge, who was one of the chief engineers of design under John D. Wat- 
son and D. M. Watson, the consulting engineers. The plant chemist is Wm. T. Lockett, 
formerly of Manchester, and well-known for his pioneer work on activated sludge. The 
administrative organization has been incorporated in the department of the county engi- 
neer, Major W. H. Morgan. 


OPERATING DATA 


Mr. Lockett has summarized results of chemical analyses for the period June 1, 1936 
to October 31, 1936 (Cont. Record. and Mun. Eng., Dee. 9, 1935, page 1452) : 
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Results of Treatment at Mogden 
Parts per Million 


eee Raw Settled Act. SL. | Final Eff. 

Determination Sewage Effluent Effluent | to Thames 
4-hr. Oxygen Absorbed................ 85.8 48.6 | 99 | 10.1 
Ammonia Nitrogen...... eee : 40.8 41.3 5.8 6.1 
Albuminoid Nitrogen...... Maleate 9.5 48 | 0.8 | 0.85 
Nitrous Nitrogen..... ee eee - 3.4 oo 
Nitric Nitrogen..... Biba Ph tie es Sie 18.5 | 18.3 
Chloride as Chlorine................... 114 116 111 | 110 
5-day B.O.D. at 18.3° C.. ete 357 203 7.7 8.5 
Suspended Solids........ ere 307 86 8.5 | 10 
Putrescibility...... perc ns: 0/149 | ~~ = 0/151 


These results indicate that the plant has turned out an excellent effluent, with re- 
ductions of 98 per cent of the B.O.D. and 97 per cent of the suspended solids. As these 
results were obtained with less than half-capacity loading, it would be of interest to 
operating data, such as aeration period, cu. ft. of air per gallon, 


have the accompanying 
and suspended solids in the aeration tanks. It is gratifying to 


per cent return sludge 
know that the operation of the plant is in such competent hands. The entire project is a 
fitting climax to the long and distinguished career of John D. Watson. 


TEXTILE WASTE TREATMENT AND RECOVERY 


By J. C. GEYER AND W. A. PERRY 
The Textile Foundation, Ine., 118 PP-s $1.00 


Stream Purity.—Damage to stream purity is not so much a factor of the total quan 
tity of waste in gallons but rather of the quantity and character of the impurities car- 
ried by the waste water. Silt and sludge bank forming substances, strong acids and 
bases, greases and oils, toxic materials, organic dyes and putrescible organic compounds 
frequently cause damage. Inorganic reducing compounds are sometimes present and 
combine directly with dissolved oxygen, giving an immediate chemical exygen demand 
which largely nullifies the value of the B.O.D. test, and may deplete the dissolved oxygen 
ina stream. In a growing industrial area the probability of future treatment of wastes 
made necessary by increasing pollution from other sources must be considered in planning 
the factory layout. 

Danger to public health from textile wastes is negligible, unless sewage from the 
factory toilets is included, with the exception of wool-scouring wastes which may contain 
anthrax spores. The destruction of stream life, increased costs of water purification, 
and damage to boats and structures may present very great and unnecessary economic 
losses. The loss of pleasures in life through the destruction of natural beauty of streams 
cannot be estimated in terms of money but it is a real loss, especially when the sur- 
roundings are otherwise scenically beautiful. 

Standards of stream purity have frequently, and quite properly, been based on a 
classification of streams into general groups depending upon the requirements of certain 
users of the stream waters. Although flexibility of operation is necessary, these elassi- 
fications give the manufacturer a-definite idea of the treatment he may expect to give 
the wastes from his mill, and should be of material assistance in selecting new factory 
sites. Definite standards of purity for treated textile waste effluents should not be 
adopted, as textile wastes which require no treatment in one place may require very 
complete treatment in another. Each manufacturer who is discharging wastes into a 
stream that might in the future need to be controlled, should collect information which 
will help him in solving his own problems, and which will protect him from unreasonable 


requirements or litigation. 
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Textile Processes and Wastes——Wastes produced in the deturging of the raw ma- 
terial carry more polluting matter than any other wastes produced by the textile in- 
dustry. An average analysis of wool-scouring waste may show 9000 p.p.m. of grease, 
12,000 p.p.m. suspended matter, 55,000 p.p.m. B.O.D., and 7000 p.p.m. alkalinity. They 
vary widely, however, depending on the source of the raw wool. Prior to scouring, much 
of the pollution lead may be removed from the raw wool by grease extraction with naphtha, 
or if the wool is refrigerated to — 35° F., both are largely 


and dust removal by beating, 
Grease (lanolin) recovery is commonly practiced by a 


removed as a dust by beating. 
variety of methods which concentrate the grease by sedimentation (acid method), evapora- 
tion or centrifuging. Recovery of potassium salts by evaporation, as practiced during 
the war, is not now economically feasible. 

Cotton kiering (raw wash) may give an average of 1.5 to 2 pounds of B.O.D. and 
20 pounds of total solids per 100 pounds of goods produced. The waste is highly caustie. 

Silk degumming, or “ boiling out ” may produce 7 pounds of B.O.D. per 100 pounds 
of goods in 850 gallons of waste, largely consisting of sericin (silk gum) and spent soap. 
Flax retting, usually done on the farms, may release 217 pounds of B.O.D. per ton of 
straw. It is not important in the United States. 

Dye wastes vary so widely that classification or general statements are difficult. They 
are highly colored, however, may contain reducing substances, may be highly toxic, and 
may have a quite high B.O.D. 

Treatment.—Reductien of waste within the factory and recovery of waste products 
should be investigated before attempting to treat the wastes. It is frequently possible 
to use the wash water from one operation in making up the baths for another. Use of 
counter flow action and careful temperature control result in efficient use of chemicals 
and give less waste. There are instances where recovery is practiced on certain dyes, 
tin salts from silk weighting, caustic soda, sodium ferrocyanide, waste heat, arsenic and 
sericin. 

Frequently, as much as 75 per cent of the textile wastes consist of relatively clean 
wash water which may be discharged directly into the stream without injury. Plans for 
separating the dilute wastes from the concentrated ones should be considered in building 
a mill. The wastes must be equalized in a large holding tank to obtain the benefits of 
co-precipitation and to level out extreme variations in composition. Screening or aera- 
tion may be desirable with some wastes. Chemical precipitation, and pH correction, have 
been used, followed, if necessary, by filtration, or by secondary biological treatment for 
a higher degree of purification. There are also a wide variety of methods applicable to 
the treatment of individual wastes produced from a single operation. Batch treatment 
and sedimentation is economical for small plants and continuous flow for large ones. 

The problem of whether trade wastes should be admitted to municipal and Sanitary 
District sewers must be decided for each individual ease. The legal aspects of equable 
distribution of costs are difficult to settle and the effect of such wastes on the sewage 
treatment processes may vary widely. Equalizaion of flows and pretreatment, either 
by the individual manufacturer or jointly by a group of manufacturers, may be necessary. 

Fifteen treatment plants are described. Seven of these are municipal plants with 
as much as 34 of the total flow consisting of textile mill wastes. There are appended to 
a schedule of State laws governing stream pollution, sample data sheets used 


the report: 
1 tabulation of chemicals used, and an excellent bibliography of 340 


in the surveys, ¢ 
references. 


R. W. KeEenHR 


INDUSTRIAL WASTES IN NEW JERSEY 


3y WILLEM RUDOLFS AND Luioyp R. SETTER 


New Jersey Agricultural Experiment Station, Bulletin 610, November, 1936 


A survey of industrial wastes in northern New Jersey was made with the aid of a 
number of chemists and engineers employed under the C.W.A. and E.R.A. between De- 
cember, 1933 and May, 1934. This survey was primarily designed to determine the 


d 








120 SEWAGE WORKS JOURNAL Jan., 1937 


volume, strength and character of industrial wastes discharged into the streams of the 
State, and to determine their comparative importance in relation to domestic wastes. 

Industries were grouped in a more or less arbitrary manner, following in general 
the grouping of the national census. A total of 1792 industrial plants were visited, 
and definite information concerning wastes was obtained from 1213. The wastes of 401 
industrial plants, representative of the various industrial groups, were sampled, and of 
this number 251 were completely analyzed and 150 partly analyzed for confirmation. 
Results are reported as minimum, maximum and mean for each type of industry and it 
is believed that with the number of industrial plants inspected and the care used to select 
representatives of each type for sampling, the mean results give an indication of what 
ean be expected from individual industries. Tables of results are given for total solids, 
total suspended solids, settleable solids, non-settleable suspended solids, oxygen consumed 
and pH for the various types of waste as well as some other results. (Abstractor’s Note: 
There are apparently several discrepancies in some of these tables, as for instance the 
mean total suspended solids on the dry basis for the steel pickling industry are reported 
as 2065 p.p.m., the mean settleable solids 8290 p.p.m., and the mean non-settleable sus- 
pended solids 1380 p.p.m.) 

The considerable variation in the pounds of waste per employee-day within a “ type ” 
industry necessitated obtaining the geometric mean as a more correct average waste of a 
particular “type” waste. These results may be interpreted as the “average” daily 
pounds of waste per employee for any industry, within the group classification, and 
some of these results are given below: 


Average Pounds of Waste Daily per Employee-Day for Each Type of Industry 











Industry Suspended Solids | Settleable Solids | Oxygen Consumed 
OSS SS eee ee er i 1.92 0.51 1.73 
Chemical manufacturing........... 1.18 0.33 1.53 
Ee icc ccd xnwsdisc: | 0.39 0.10 0.20 
Steel pickling..................0.. | 0.62 0.15 0.25 
a | 0.87 | 0.05 3.00 
BUR MMNR once 2 ete ses isos) es aise Se-as 29.16 4.32 31.89 
eee 0.92 | 0.03 3.03 
MURAD ote st A Grats cis sie) s ae: -4 514 3.61 0.05 | 1.55 





Using these average figures and the number of employees in the various types of 
industries in the whole state, an estimate was made of the total industrial waste expressed 
in tons per day. An estimated population equivalent of the wastes from all industries 
was computed on the basis of an average oxygen consumed value of 0.068 pound per 


Oxygen Demand and Suspended Solids of Waste Produced per Employee of Various Types of Industries 
on the Basis of Domestic Sewage 


(Domestic Sewage equals 1) 








Oxygen Suspended 

Industry Demand Solids 
SORAEANIEN A ects yers td 5 Vers Gin ta iaio Yor W Sra oie. gene OS 25.3 12.0 
Chemical manufacturing.................. 22:5 7.4 
COPS CS ee 2.9 2.4 
FOR ISTREAENE ve he avs eign 0 see aw oo 3.6 3.8 
MRS eR Re 8 i ys esa devs A Vegan ipa rei pe a os 44.2 5.4 
GID CP esas copie Meat Ls on aoa wee 22.8 22.2 
PRIN eri hrc en A 04s hey eet 470.0 181.0 


DT BE a tai pets biases wai an ud ak oes te eis 44.6 5.7 
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capita per day. This population equivalent was found to be over 3,000,000, or two-thirds 
of the total domestic population. 

A comparison was made of the oxygen demand and the suspended solids produced 
per employee by the different industrial groups with the oxygen demand and the sus- 
pended solids produced per person as domestic sewage. These results show that dis- 
tillery waste requires 470 times more oxygen and contains 181 times more suspended 
solids per employee than the water-carried household wastes of the ordinary individual. 

These figures show best the relative importance of the liquid waste for equal numbers 
of employees and likewise that of industrial waste and domestic sewage in stream pollution 
problems in an industrial region. 


R. S. Smite 





TREATMENT OF DILUTED SEWAGE BY BIO-AERATION IN THE 
PRESENCE OF NITRIC AND NITROUS NITROGEN 


By J. H. KersHAw AND J. W. FINCH 


The Surveyor, 90, 533-534 (November 6, 1936). Discussed in The Surveyor, 90, 565-568 
(November 13, 1936) 


Sewage treatment at Rotherham consists of primary sedimentation followed by sec- 
ondary treatment of two types: bio-aeration (activated sludge) and trickling filter. 
Both units, treating the same settled sewage, were loaded to capacity, largely due to the 
tendeney of the bio-aeration plant to bulk when its loading was heavy, necessitating 
frequent periods of reconditioning the sludge. Under a new scheme of operation, about 
2/3 of the settled sewage goes directly to the bio-aeration tank while the remainder is 
passed through the trickling filter, secondary sedimentation tanks and thence to the bio- 
aeration tank. 

Improvement in the condition of sludge in the bio-aeration plant was remarkable. 
Bulking of the sludge stopped, dissolved oxygen in the effluent, based on a 6 months’ 
average, increased from 0.86 to 1.52, the settling characteristics of the sludge improved, 
it being more granular in nature, while the plant treated 48 per cent more settled sew- 
age. Indirect beneficial effects noted were the more complete treatment given to the 
portion of the trickling filter effluent used, and an improvement in the condition of the 
trickling filters under lighter loading, thus giving 30 to 40 per cent better over-all puri- 
fication for the whole treatment plant. 

“The explanation of the ability of the bio-aeration plant to treat more primary 
settlement tank effluent when diluted with filter effluent is not obvious, and in itself offers 
much food for thought and material for research.” Operating results for two 6-months’ 
periods, one prior to and the other subsequent to adding filter effluent, were as follows: 


Statistics for Rotherham Works During the Present Method of Working 



































| | 
| Aera- 2 a 
Sew. | tion | Units | T@®* | rm, | Fil | pe | pe, | Out 
Month Oxy. | Units | Oxy. Eff. Oxy. Eff. Oxy. | Nit. N. fall 
m.g.d. m.g.d. Oxy. 
| m.g.d. 
“| oa a eee ea | 6.45 | 70.954| .7 55.000} 3.67 | 15.954] 1.06 1.706 .82 
HOD ice csect sete weall, Oe | OOLUN Siro 52.000} 4.15 15.610} 1.10 1.572 .80 
IUIONR ssc sk Sars wate | 7.13 | 67.479| .79 45.000| 4.09 | 22.479| 1.14 1.606 82 
ADI oe ces ull) SS baGe2| 282 31.000} 5.64 | 23.632} 1.45 1.663 91 
MAY she OPA eas 10.70 | 47.931 .89 29.000 | 7.00 18.931 | 1.77 1.869 95 
PMA Sos eateries 9.75 | 58.090} .78 36.000 | 6.06 17.090 | 1.59 1.888 .86 
AVIA). i5. oes 2 4iee 8.23 | 60.283] .79 41.333} 5.10 | 18.949] 1.385 — .86 
THOUS aia sae Ors — |361.696 —  |248.000 — {113.696 —_ — — 
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Statistics for Rotherham Works Previous to the New Working Conditions 








’ Aeration mn | mn ¥ | age | Filt. | 
Month Sew. Unite Units | Tank Eff.| T.E. | Ef. | Outfall 

Oxy. m.g.d. Oxy. m.g.d. Oxy. | Gal. | Oxy. 
5 7.94 36.390 1.06 36.390 5.83 1.44 
Tae ee! 19.842 1.46 19.842 | 6.43 | - | 1.57 
Le SE ee 7.83 41.714 1.10 41.714 5.22 1.48 
UME Seeks oe cias es ! 8.14 32.576 1.36 32.576 5.94 1.46 
oe 10.10 22.556 1.30 22.556 7.26 | 1.55 
SS ee 10.10 14.304 1.33 14.304 TA4 1.80 
A re 8.85 27.897 1:37 27.897 6.29 | 1.52 
MINS Sosy : 167.382 167.382 


Nitrates and nitrites present in the filter effluent when passed through the bio-aera- 
tion tank were used up in the oxidation of the extra sedimentation tank effluent. Par- 
tial control of the new system of operation was obtained by inereasing the load of 
settled sewage on the bio-aeration tank when traces of nitrous nitrogen appeared in its 
effluent. 

The authors conclude that the finely divided humus present in the trickling filter 
effluent probably weights the activated sludge, thus making it easier to control. 

Discussion—Mr. J. T. Thompson (Leeds) stated that at the Wakefield works and 
at Johannesburg the process tried at Rotherham had been reversed with satisfactory 
results in that part of the effluent from the activated sludge plant was passed through 
trickling filters. He was of the opinion that the active properties of the humus were 
more likely to be of value than its gravity since humus itself was difficult to settle. 

Mr. Lumb (Halifax) suggested that the possibility of using nitrite and nitrate nitro- 
gen be considered in sewage works design. 

Mr. A. R. Chadwick (Keighley) emphasized the beneficial effects of dilution as 
shown by the effect of increased wet weather flows on the operation of a plant treating 
a sewage high in industrial wastes. 

Mr. H. H. Stanbridge (Pudsey) suggested as explanations of the effects noted at 
Rotherham: (a) the dilution effect, (b) the oxygen present in the diluent as dissolved 
oxygen or in the form of nitrites and nitrates. He pointed out that upon entering the 
bio-aeration tank there was an immediate dilution of the incoming sewage with sub- 
strate (plus activated sludge) of fourteen times the sewage volume. Mr. Kershaw 
stated that the operating costs were no greater under the new system than under the old 
one. Mr. Stanbridge remarked that at Huddersfield a batch of sludge from the humus 
tanks was pumped into the aeration tank with a resulting improvement in the condition 
of the activated sludge. Mr. Kershaw replied that the presence of such large amounts 
of humus required additional dissolved oxygen, which was none too plentiful in a bio- 
aeration plant. 

Mr. Oliver (Harrogate) believed the improvement due largely to dilution since a 
similar effect was noted during wet weather flows when nitric and nitrous nitrogen were 
not present. 

Mr. J. M. Wishart (Shipley) wondered if the work done by the bio-aeration unit 
could not have been accomplished more cheaply with trickling filters. He stated that 
an experimental activated sludge unit at Shipley was being used to treat trickling filter 
effluents, equivalent in strength to strong sewage. He believed that the continuous 
supply of humus gave a “much more healthy and settled sludge.” 

Dr. H. H. Goldthorpe (Huddersfield) thought the Rotherham bio-aeration channel 
was probably deficient in oxygen and estimated that the oxygen required for the over- 
all improvement in purification could be roughly accounted for by the decrease in nitrites 
and nitrates. He thought the total oxygen available from the trickling filter effluent was 
small in comparison to that obtained from nitrates, 
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Mr. C. J. Artist (Wakefield) stated that he had found dilution with trickling filter 
effluent during low flow beneficial to the bio-aeration unit at Wakefield. 


R. W. Kener 


FURTHER STUDIES IN THE TREATMENT OF GASWORKS 
LIQUORS IN ADMIXTURE WITH SEWAGE 


By A. Kry anp W. ETHERIDGE 


The Surveyor, 90, 603-5 (November 20, 1936) 


In studying the disposal of gasworks liquors by dilution, a series of 1 per cent to 
.25 per cent dilutions of both sewage and sewage plus gasworks liquors were incubated in 
tightly stoppered bottles at 18° C. for periods up to 60 days. Changes in the permanga- 
nate oxygen absorption (O/A), nitrites and dissolved oxygen (D.O.) were followed. 
In some tests changes in phenol, catechol, thiocyanate and ammonium carbonate were 
also followed, these being important constituents of gasworks liquors. 

Phenol and catechol were largely oxidized in two days and the D.O. required ap- 
peared to be less than the decrease in O/A. Thiocyanate remained unaltered for 8 days 
but disappeared by the 12th. Ammonium carbonate was not oxidized during the first 
9 days. The O/A decreased fairly rapidly during the first two days, then remained 
relatively constant at a value 44 of the original in the experiments on spent liquor and 
1/3 of the original where crude wastes were used. The high O/A residual compared 
to that obtained when the oxidation took place in trickling filters was explained by re- 
sidual thioeyanates which are oxidized in trickling filters adapted to treating gas liquors 
but not in bottles. Concentrations of waste liquor up to 5 per cent of the sewage did not 
appreciably slow down the purification of the sewage. In the 4% per cent dilution after 5 
days of incubation, the presence of nitrites increased the O/A until it reached 10 parts 
per 10,000 at 26 days, then both decreased after 29 days until the nitrites disappeared 
after 54 days. The nitrogenous oxidation was less in the spent liquor, as it contains only 
fixed ammonia. 

To provide a large scale test on the treatment of gas liquors on bacteria beds, gas- 
works liquors were pumped into the sewers at night and collected at the sewage dis- 
posal plant in separate tanks. The bacteria beds were divided into four groups and 
after a eareful check of their condition with regard to sewage purification, one group 
was retained as a control treating only sewage, another was dosed with sewage plus 
spent liquor, and a third with crude liquor added to the sewage which was held constant 
in each ease. The admixed wastes were gradually increased in amount up to .25 per 
cent, then held constant for five weeks, after which the dosage was doubled for a further 
ten weeks. The ammonia present was almost completely oxidized and the added liquors 
caused a slight increase in O/A when .25 per cent was added. With .5 per cent added, 
the O/A of the influent was doubled with the spent liquor and tripled with the am- 
moniaeal liquor, but the effluents showed only about 8 per cent of this inerease. The 
effeet of the carbonaceous matter in the liquor on the O/A appeared to be negligible. 
The 5-day B.O.D. of the effluent appeared to be affected only if the increased waste 
liquor hindered complete nitrification. 

In the treatment of waste liquors with activated sludge, high O/A values (“O/A 
reversal”) were obtained in the effluent coincidently with the presence of nitrites, and 
in such eases the O/A values gave false pictures of the purification accomplished. If 
the nitrite had been oxidized to nitrate, “O/A reversal” did not appear. The greatest 
effect observed when treating sewage containing gasworks liquors was retardation of 
nitration. This was especially marked with the ammoniaeal liquor. 

The phenomenon of gas-lifted activated sludge, attributed by O’Shaughnessy and 
Hewitt to the formation of nitrogen gas from nitrites under certain conditions, occurred 
also in these experiments but with nitrate instead of nitrite in some instances. When 
the nitrogen gas was derived from nitrite, it was quantitatively equivalent to about 114 
times the nitrogen in the nitrite destroyed, while with nitrate the nitrogen produced was 
about equal to that in the nitrate destroyed. 
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“Tt has been found that the presence of gas liquor adds greatly to the chlorine de- 
99 


mand of sewage as determined by the O-tolidine test. . . 
R. W. Kener 


RIVER AND STREAM POLLUTION 


By A. PARKER 


The Surveyor, 90, 649-650 (November 27, 1936) 


Inereasing water demand has resulted in depletion of ground waters in some localities 
and available sources of uncontaminated water, both surface and underground, are gradu- 
ally being allocated. Any probable future demand can be met, however, if steps are 
taken to prevent undue pollution of surface waters. Present conditions are far from 
satisfactory, in that many streams in industrial areas are quite unfit, except after costly 
treatment, for the purposes for which they are required. 

The treatment of sewage, although expensive and capable of improvement, can pro- 
duce a treated effluent which will not cause undue pollution in most rivers. With regard 
to trade wastes, however, there is an enormous amount of work ahead before entirely 
satisfactory methods of treatment can be devised. In addition, new processes and new 
industries are continually bringing up new problems of trade waste treatment. 

Trade wastes may be classified into three main groups: (1) waste water such as 
those from coal washeries and quarries which contain, largely, nonpolluted suspended 
matter; (2) those containing both suspended matter and polluting substances in solution 
such as tanning wastes; (3) those, such as gas wastes, in which the polluting substances 
are mainly in solution and colloidal suspension. Those wastes in the third group may 
require both chemical and biological treatment, while less will suffice for the second group, 
and usually still less for the first group. Disposal into municipal sewers may be possible 
if the ratio of trade wastes to domestic sewage is small. 

Investigations of beet sugar wastes have shown that with very simple treatment 
most of the waste waters could be reused in factory processes. The remaining wastes 
are amenable to treatment on trickling filters so that there is no need for undue pollution 
of rivers from this source. Milk products wastes are under investigation by the Water 
Pollution Research Board. Much improvement can be effected by eliminating losses 
of milk and its products into the waste and the treatment of milk wastes by activated 
sludge or trickling filters, under certain conditions, has been shown by means of large 
seale tests to be practical. 


R. W. Keur 


INVESTIGATION OF SEWAGE DISPOSAL PROBLEMS 


By J. Boiron 


The Surveyor, 90, 635-636 (November 27, 1936) 


In his presidential address to the Institute of Sewage Purification, Mr. Joshua Bolton 
reviewed past attempts of the Institute to inaugurate coordinated research among the 
various cities on sewage problems. Although many municipalities had indicated willing- 
ness to enter into such a scheme, lack of appropriations prevented the carrying of ade- 
quate research staffs, the burden fell unequally upon the more willing cities, and there 
seemed considerable doubt if such money had been spent wisely. He estimated that an 
adequate central research department could be established and maintained for 1/50th of a 
penny per £ of taxable wealth,—a central research department such as the gas and elec- 
trical industries maintained. 

He stated that in response to a request by the Ministry of Health, his city had been 
sereening storm water flows in excess of six times the dry weather flow, such excess being 
previously permitted to pass untreated to the river. He found a large amount of screen- 
ings collected and believed the requirement both reasonable and beneficial to the streams. 


R. W. Keur 
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MEASUREMENT OF SEWAGE 


The Surveyor, 90, 728 C & D (December 18, 1936) 


In a diseussion of the measurement of sewage flows at a meeting of the Northwestern 
Branch of the Institute of Sewage Purification, Mr. F. T. Wilson (Lea Recorder Co.) 
stated that while it was possible to install weirs ahead of screens, it was undesirable, as 
there was considerable backing up of sewage and the screens must be operated continu- 
ously, eutting the life of screens to about 1/3 that obtained if the screens were worked 
intermittently. 

Mr. C. Jepson (Manchester) stated that at Davyhulme an electrical device, used to 
maintain a given volume of sewage passing forward to complete treatment, had proven 
aceurate to about plus or minus 2 per cent. The device operated from the recording 
flow meter, electrically lowering or raising a gate which increased or decreased the flow 
over a by-pass weir. 

Mr. J. P. Todd (Ashton under Lyne) mentioned a method for separating storm 
water from sewage receiving full treatment by installing a 50-foot weir and making a 
by-pass or “ dead end,” thus preventing excessive storm flows going forward to complete 
treatment. 

R. W. Kener 


SEWAGE TREATMENT AT MANCHESTER 


(Abstracted from the Rivers Departments Annual Report.) The Surveyor, 90, 720 
(December 18, 1936) 


The greatest part of the city sewage is treated at two main works, Davyhulme and 
Withington. The Withington works consist of two diffused air activated sludge units 
treating 3 m.g.d., somewhat less than half the total flow, and sedimentation-contact 
filter treatment for the remainder. The two activated sludge units produced effluents 
averaging 9.7 and 9.9 p.p.m. B.O.D. with a power cost of £1 14s. 3d. per m.g. 

At Davyhulme there is a 16 m.g.d. diffused air activated sludge plant divided into 
seven sections, two of which return sludge independently without reactivation, the re- 
maining five having a common section for reaeration of the return sludge. There is also 
a small Simplex plant of 1 m.g.d. capacity and a bioaeration channel plant with a channel 
section 3’ 6” deep by 6’ wide by 3700’ long treating about 0.5 m.g.d. The remainder of 
32 m.g.d. dry weather flow is treated by sedimentation and contact filtration. Of the three 
activated sludge systems, the power consumption of the diffused air unit was 35.1 b.h.p. 
per m.g. with 11 hours’ detention and 90 per cent purification, while under the same ¢on- 
ditions the Simplex plant required only 30.0 b.p.h., giving, however, less purification. 
The power consumption for the bioaeration unit was greater than either of the others. 
“ Results show that the greater elasticity of the diffused air plant enabled it to s‘and up 
against difficult conditions better than either of the mechanical plants.” The construction 
of activated sludge units to replace the contact beds at Davyhulme is planned. In studies 
of pretreatment of occasional abnormal sewage prior to activated sludge treatment, it 
was found that chemical pretreatment consisting of acid and alumino-ferrie dosage, mixed 
by diffused air and settled for brief periods, was both useful and economical. Such treat- 
ment in no way hindered the purifying properties of the activated sludge. 

R. W. Kener 


PRODUCTION OF FERTILIZER FROM SEWAGE SLUDGE 
The Surveyor, 90, 681 (December 4, 1936) 


Mr. R. Anstead emphasized the decreasing availability of humus from such sources 
as manure and its necessity in soil fertilizing. He advocated compositing sludge and 
house refuse and the manufacture of fertilizer from it, the economy of the process being 
justified partly on the basis of national necessity. 
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Mr. P. G. Lloyd (Kingston) thought that better fertilizer could be produced from 
sludge alone. Kingston, in the past 40 years, had disposed of all sludge produced, a 
total of 100,000 tons, at approximately the cost of production. He maintained that the 
sludge should not be sold for less since it involved the subsidizing of farmers by city 
taxpayers. 

Mr. J. E. Farmer (Croydon) stated that composting of screenings in soil was tried 
during the war but was discontinued at the end of the war due to odor production and 
At present sludge was disposed of at Croydon by returning it to the land 


high costs. 
High land values and rents made production costs of such erops high, 


to grow crops. 
however. 

Mr. E. Hodgson (South Norwood) stated that at South Norwood 150 tons of wet 
sludge were mixed in lagoons beside a railway siding with 100 tons of pulverized house 
refuse, giving 125 tons of mixture with a moisture content of 50 to 60 per cent. Th 
mixture was sold at a loss but from a national point of view the process was justified 


since it returned this material to the soil. 
R. W. Kener 


INTERSTATE SANITATION COMPACT AND ITS IMPLICATIONS 


By C. A. HoLmMQulistT 


American Journal of Public Health, 26, 10, October, 1936, pp. 989-95 


The far-reaching and important co-operative effort to control’ waterways pollution 
is the Interstate Sanitation Compact drawn up by New York, New Jersey and Con- 
State and local health departments in these states have long known of the rap- 


necticut. 
Those sewage treatment plants that had been 


idly inereasing pollution of tidal waters. 
constructed were designed only to give local relief from particularly objectionable eondi- 
tions. There had been no accepted standards available for use as a guide to the proper 
degree of treatment required. 

Sewage from 12,000,000 persons amounting to over 1,300,000,000 gallons and trade 
wastes from 100,000 industries are discharged daily into the coastal and harbor waters 
of this region. Sewage in New York harbor drifts back and forth for days because 
of tidal action. Extensive dredging operations are required each year to remove putres- 
cible sludge deposits from steamship slips and channels. It has been necessary to close 
a number of bathing beaches and shellfish beds. Certain areas are devoid of fish life 
because of the reduction of the dissolved oxygen content of the water. 

This seriousness of the pollution problem prompted the ealling of a number of con- 
ferences, and, as a result Connecticut, New Jersey and New York passed laws creating 
a temporary Tri-State Treaty Commission that was directed to formulate a treaty be- 
tween these three states and the Federal government. It was also to state the legislation 
necessary to make its recommendations effective. 

Bills legalizing the Compact have been passed by the Legislatures of New Jersey 
and of New York, and the Compact was approved by a joint resolution of Congress. As 
far as Connecticut is concerned it will become effective when that state passes laws iden- 
tical with those of the other two states. The Interstate Sanitation Commission, compris- 
ing members from New York and New Jersey has been organized and is now working. 

“The Compact contemplates the elimination of offensive pollution, the making of all 
beaches in the region safe for bathing and recreational purposes, and the return to shell- 
fish culture of many of the areas now condemned.” The area ineluded comprises all of 
the tidal waters in the Metropolitan District. 

The waters have been divided into two general classes: One (Class A) in which the 
areas are to be used primarily for recreational purposes, shellfish culture and the devel- 
opment of fish life, and the other one (Class B) not to be used primarily for the purposes 
mentioned above. The standards set for Class A waters are high enough to protect public 
health and fish life, and if those set for Class B waters are met, visible solids of sewage 
origin will be removed and there will be no public nuisance or menace to health in those 


waters. 
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This is the first time that legal representatives of three states have been able to draw 
up a compact to abate pollution of interstate waters, and it should have far-reaching 
effect on stream pollution control in other states having similar problems, as well as in 
the three states directly affected. 

JaMES H. Le Van 


STREAM CLEANSING IN OREGON 
A Symposium 
Civil Engineering, 6, 678 (October, 1936) 


At the Portland, Ore., Convention of the American Society of Civil Engineers, three 
papers were presented before the Sanitary Engineering Division on July 16, 1936. These 
papers are abstracted in Civil Engineering as cited. 


Past and Present Efforts to Reduce Pellution, by R. E. Koon, Consulting Engineer 


In Oregon the emphasis in stream pollution abatement is upon the protection of 
recreational facilities. Existing laws are found too drastie and the State Planning Board 
has given study to drafting a suitable substitute. However, one conclusion in this is: 

“A consideration of the legal aspeets of stream pollution precipitates a study of the 
chaotic character of legislative attempts to control a vexaticus problem of ever-increasing 
importance. The welter of conflicting statutes and doctrines of the common law aggra- 
vates the perplexity of the problem by failure to accept the irrefutable tenet that ultimate 
purification cannot be attained overnight through legislative or judicial fiat. Major 
considerations of a practical and highly technical nature are inappropriately approached 
hy legislative assemblies and courts, and, in the final analysis, the rigid application of 
legeal rules must be fashioned to vield elastically to practical necessities of the situation 
in hand.” 

Several studies of river pollution have been made including (1) a report by Hommon 
on Willamette Valley conditions, (2) “ Control of Stream Pollution in Oregon,” Rogers 
and Langton, (3) the results of a sanitary survey of the Willamette River by Rogers and 
Mockmore, (4) report by Dieck, Cunningham and Koon on sanitary conditions in the 
Willamette Valley, and (5) report by the Engineering Experiment Station, Oregon State 
College on the effect of sulphite pulp and paper wastes on Willamette River water. 

There are now about 40 sewage treatment plants in Oregon with 13 classed as ade- 
quate. Revenue bonds to correct harbor pollution by treating the sewage of Portland 
have been authorized but not issued. 

Present Status of Municipal Sewage Treatment. By Carl E. Green, 
State Sanitary Engineer 


There are 81 municipal sewer systems for incorporated areas in Oregon—30 with 
treatment works. Additional there are 13 community or institutional plants. Complete 
treatment is sometimes needed during low flow periods, but primary treatment is gener- 
ally adequate. Most of the works are in the Willamette Valley where the greater part 
of the urban population is located. 

Most of the efficient treatment plants have been built during recent years aided by 
federal funds. Assessments, general levies and rentals have been used as the basis for 
financing. The last of these is the most popular with the rentals determined as flat 
rates, or from water consumption, or on a fixture basis. The author suggests assessments 
for the sewers and rentals for the construction and operation of the treatment works. 

Plants built thus far have utilized biological processes. Three activated sludge plants 

Medford, Burns and Hillsboro) are soon to be in operation. Rotary distributors for 
trickling filters are used widely including new plants at Ashland, Baker, Gresham, Lake- 
view, Warm Springs and Multnomah. For primary treatment, mechanically cleaned 
clarifiers are preferred although Imhoff tanks have been built at Ashland and Talent where 
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topographical conditions are favorable. Separate sludge digestion and use of the gas 
for heating and incinerating are common. Sludge is dried on sand beds. 

The Multnomah County Farm (650 people) is served by a sedimentation-separate 
digestion-rotary distributor filter-final tank plant that is operated entirely by gravity. 
Sludge is transferred from the primary tank by withdrawing supernatant from the di- 
gester to the final settling tank. Sludge from the final tank is returned to the primary 
tank by means of an injector driven from the water supply at 85 pounds pressure. <A 
vacuum breaker is installed in the water supply line. 

Cost figures are—primary treatment $6.64 per capita (4 cities); complete treatment 
$11.90 per capita (11 cities). These costs are for plants only and do not inelude federal 
grants. For operation—without pumping—primary treatment costs $0.22 per capita 
and complete treatment $0.55. 


Industrial Wastes in the Willamette Valley, By Fred Merryfield, Asst. Prof. 
Oregon State College 


The Willamette River is the most polluted river in Oregon. Summer rainfall is 
light and the river flow decreases steadily to a minimum of 4000 ¢.f.s. at Salem. Indus- 
trial pollution from pulp mills, creameries, woolen mills, tanneries, ete., is distributed 
over the year, but cannery and flax retting wastes are seasonal and reach a peak during 
low river flows. In result the oxygen content of the river is seriously depleted 68 miles 
above Portland and grows progressively worse downstream. 

The chief value of the Willamette is recreational, but the headwaters are spawning 
grounds for salmon which is the basis of a valuable industry. 

Wastes from pulp and paper mills include 2000 gallons of sulphite liquor per ton 
of pulp with variable quantities of white water and bleach liquor. Four mills within the 
Portland-Salem reach of the river have a (total) average pulp capacity of 300 tons per 
day. 

Flax retting consists in soaking flax in water at 70 to 90 deg. F. The soaking con- 
tinues 5-10 days, fresh water being added daily. The process is one of anaerobic de- 
composition of pectose. About 5300 gallons of retting wastes are discharged per ton 
of flax straw. Some 16 mg. of these wastes are discharged to the river each season. 

Pollution loads are shown by the following table: 


Strength of Industrial Wastes, in Parts per Million of Plant Effluent 


B.O.D. Solids 





Industry Waste - pH 
| 5-Day | 20-Day| Total | Susp.| Diss. 





| Pear...... er eee 590 | 1,630) 4,040! 200) 3,840} 6.40 











Cannery | Pumpkin......... paeanke ate 210; 515} 667 129; 538| 4.41 
Carrots...... See ee 1,630 | 2,900 | 5,270 | 2,520! 2,730| 5.0 
| | | 
Saeeey «= | Tay. ............-....- 1,780 | 2,960 | 21,640 | 1,310 | 20,330 | 10.4 
| | | | 
| | | | | 
a Meat packing............. ..| 1,300 | 22,500 | 2,360 780 1,580 | 6.56 
aenin& —_| Dissolved......... veseeeee] 1,000] 1,400} — | —] — | — 
| | 
— | Wool scouring.......... ....| 13,000 | 21,800 | 51,000} — | — 9.0 
— | Wool finishing............... | 1,420 | 3,850 | 13,560 | — | ae 
Flax SERS eer eee | 2,700} 5,300) 4,200; — | 4,200] 48 
ee en 8,760 | 16,400 | 90,400} 150} 90,250 | 5.45 
Paper Mill | ND 5a Je ctie- Soe Cases 20 | 62 | 574 52 522 | 6.47 





White water............ oe 28 71 242 | 134 | 108 | 5.57 
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Treatment of paper and pulp wastes in “ save alls ” minimizes the loss of fibre. Ex- 
perimental work indicates that precipitation with 0.5 per cent lime—222 Ibs. per ton of 
flax—will reduce the waste from 130 to 75 pounds of oxygen per ton of flax straw. 
Cannery wastes offer a serious problem and a field for possible recovery of values. 
Sereening has been tried with disposal of offal by spreading over the ground. This is 
costly. Pilot plant studies of treatment of industrial wastes are advocated. 

FRANK TOLLES 


SEWAGE TREATMENT IN NEW YORK CITY 


By WALTER D. BINGER AND RICHARD H. GouLD 


Civil Engineer, 6, 789 (December, 1936) 


The article cited is itself a five-page abstract of a paper delivered before the Metro- 
politan Seetion American Society of Civil Engineers on March 18, 1936, by Messrs. 
Binger and Gould, respectively Deputy Commissioner, and Chief Engineer, Bureau of 
Sewage Disposal, Department of Sanitation, New York, N. Y. 

Sewerage in New York was begun in 1696, but the greater portion dates from 1840 
following the introduction of Croton Water. Discharge is into abutting waters where 
tidal movements and the discharge of rivers cause thorough mixing. However, the 
harbor currents do not sweep clean, and sewage materials move back and forth, with 
large portions deposited in slack water. In turn this, over the years, has led to general 
but not uniform reduction of D.O. and to offensive conditions in certain locations. The 
daily addition of sewage varies from 0.12 to 4.01 per cent of the volume of dilution 
water. B.O.D. of harbor waters varies between 0.94 and 2.65 and D.O. (for 1934) 
varies from 5 to 55 per cent saturation. 

Pollution conditions in New York waters have been the subject of much study, 
notably by the Metropolitan Sewerage Commission (Final Report 1914) and by Black 
and Phelps. In 1929 sewage disposal—previously a local or borough funetion—was 
placed under the Department of Sanitation. Sewage treatment at this time was lim- 
ited to “ eight old plants of doubtful value ” and to eight fine screen plants which “ re- 
move about 114 per cent of the solids” from the sewage of about one-fifth the people 
(1,400,000 people of 7,000,000 total). Between 1929 and 1935 the structures of the 
(180 m.g.d. present, 426 m.g.d. ultimate) Wards Is'and plant were built, but these are 
not equipped nor are they connected. Also in 1935 the Coney Island plant (35 m.g.d. 
present, 140 m.g.d. ultimate) was placed into operation; further, there is now nearing 
completion a system of intercepting sewers for Manhattan and the Bronx. 

The problem of sewage treatment for New York varies with the locality, but gen- 
erally it is a problem of remedying offensive or unsightly conditions and of recovering 
former recreational facilities. Bathing, for example, is now permitted only at rela- 
tively few outlying points, and some of these are threatened. Apart from the general- 
ity, no pollution standards have been set other than by the Metropolitan Sewerage Com- 
mission in 1914, thus— 

“1. Garbage, offal, or solid matter recognizable as of sewage origin shall not be 
visible in any of the harbor waters. 

Marked discoloration, or turbidity, due to sewage or trade wastes, effervescence, 
oily sleek, odor, or deposits shall not occur except perhaps in the immediate 
vicinity of sewer outfalls, and then only to sueh an extent and in such places 
as may be permitted by the authority having jurisdiction over the sanitary eon- 
dition of the harbor. 

3. The discharge of sewage shall not materially contribute to the formation of de- 


to 


posits injurious to navigation. 

4, Except in the immediate vicinity of docks and piers and sewer outfalls, the dis- 
solved oxygen in the water shall not fall below 3.0 ¢.c. per liter of water. 
Near docks and piers there should always be sufficient oxygen in the water to 
prevent nuisance from odors. 

The quality of water at points suitable for bathing and oyster culture should 
conform substantially as to bacterial purity to a drinking water standard. It 


oO 
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is not practicable to maintain so high a standard in any part of the harbor 
north of the Narrows, or in the Arthur Kill. In the lower bay and elsewhere 
bathing and the taking of shellfish cannot be considered free from danger of 


disease within a mile of a sewer outfall.” 


It is stated that these standards are not inconsistent with the terms of the act which 
created the Interstate Sanitation Commission which represents common interests of New 
York, New Jersey and Connecticut. 

The present effort of the Department of Sanitation is educational and directed 
toward obtaining funds. Although no final comprehensive plan has yet been developed, 
the program includes the possibility of some 38 different plants ranging in ultimate ea- 
pacity from 1 m.g.d. (City Island) to 426 m.g.d. (Wards Island) and ultimately treat- 
ing some 1,765 m.g.d. in aggregate. This program might cost up to 200 million dollars 
The Department is advocating a five-year 100 million dollar program. At present de- 
signs for two of the larger plants—Tallmans Island (70 m.g.d. ultimate) and Jamaica 
(130 m.g.d. ultimate)—have been authorized. Funds have been requested to enable 
developing a general plan. 

A map which accompanies the article may be read to the effect that of the total ulti- 
mate city sewage 27 per cent will be given preliminary treatment in 19 different plants; 
33 per cent will be given partial treatment in 13 plants; and 40 per cent will be treated 
completely in 6 plants. 

The article cited includes certain notes on existing and proposed plants, as follows: 

Wards Island—The plant under construction is for the activated sludge process. 
This type of treatment was chosen because plant discharge is into the restricted waters 
of East River which is purely tidal, and for the further reason that the effects of high 
degree treatment of a large quantity of sewage at this point will be felt throughout the 
harbor. Sludge will be barged to sea. Plant and interceptors and connecting tunnels 
are estimated to cost about $28,000,000. Operation in 1937 is expected. Design ea- 
pacity is 180 m.g.d.; ultimate 426 m.g.d. 

Coney Island.—This plant provides sedimentation treatment during the winter and 
chemical precipitation plus chlorination during the bathing season and to meet the needs 
of what is termed “ perhaps the most frequented strip of beach in the world.” Be- 
cause the site is ice locked during the winter, barging of sludge throughout the year is 
impracticable, so, at this plant, sludge is digested. Sewage gas is used in combustion 
engines for pumping. Digested sludge will be dewatered by vacuum filters and will be 
used for top dressing park and filled areas. Fills adjacent to the waterfront will be 
dressed with liquid sludge pumped from barges. Design capacity is 35 m.g.d.; ultimate 
140 m.g.d. 

Tallmans Island.—This will be an activated sludge plant for contract 1936-37. 

Jamaica.—This plant serves an area that is tributary to land locked waters of reere- 
ational value. The location and limited tidal circulation have led to the adoption of the 
activated sludge process for this plant but with preliminary settling displaced by fine 
screening—fine screens already being in use at this site. 

FRANK TOLLES 


REFERENCES TO SEWAGE LITERATURE 


(October and November, 1936) 
American City 
October. 
“ Billing and Collecting Sewer Rentals,” pp. 47-48. 
“Installing Sewer Outfall on Soft Foundation.” D. L. MeLean, pp. 63-64. 


November. 
“Primary Treatment of Sewage and Food Products Wastes.” T. R. Kendall, 


pp. 53-55. 
“ Mechanical Type Activated Sludge Plant for Sewage and Dairy Products 


Wastes,” pp. 59, 61, 63. 
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